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Western blots of eTau treated MCC
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Time course of eTau spread in MCC
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Recombinant eTau fragments uptake by MCC
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TAU PEPTIDES, ANTI-TAU ANTIBODIES,
AND METHODS OF USE THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. 371 national stage filing of
International Application No. PCT/US2014/016597, filed on
Feb. 14, 2014. The contents of the atorementioned applica-
tions are hereby imncorporated by reference 1n their entireties.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted electronically in ASCII format and 1s
hereby incorporated by reference in its entirety. Said ASCII

copy, created on Aug. 8, 2016, 1s named MXI-605US_SL.txt
and 1s 503535 bytes 1n size.

INTRODUCTION

The microtubule associated protein tau 1s abundant 1n the
central nervous system and 1s produced primarily by neu-
rons. The primary function of tau is to stabilize microtu-
bules. Six tau 1soforms exist in the adult human brain; tau
1soforms are the products of alternative splicing of a single
gene.

Tauopathies are a class of neurodegenerative diseases
resulting from the pathological aggregation of tau protein in
so-called neurofibrillary tangles (NFT) in the brain. Some
examples of tauopathies include frontotemporal dementia
(FTD), Alzheimer’s disease, progressive supranuclear palsy,
corticobasal degeneration, and frontotemporal lobar degen-
eration.

There 1s a need 1n the art for methods of detecting and

treating tauopathies, and for reagents suitable for use in such
methods.

SUMMARY

The present disclosure provides 1solated tau peptides, and
compositions comprising the peptides. The present disclo-
sure provides antibodies specific for an 1solated tau peptide.
The antibodies find use 1n diagnostic and treatment methods,
which are also provided.

Features

The present disclosure provides a pharmaceutical com-
position comprising: a) an i1solated tau peptide, wherein the
tau peptide comprises an amino acid sequence having at
least about 95% amino acid sequence identity to the amino
acid sequence set forth in any one of SEQ ID NOs:1-3,
wherein the tau peptide has a length of from about 5 amino
acids to about 175 amino acids; and b) a pharmaceutically
acceptable excipient.

The present disclosure provides a pharmaceutical com-
position comprising: a) i1solated tau peptide, wherein the tau
peptide comprises an amino acid sequence having at least
about 95% amino acid sequence 1dentity to the amino acid
sequence set forth 1n SEQ ID NO:4, wherein the tau peptide
has a length of from about 5 amino acids to about 150 amino
acids; and b) a pharmaceutically acceptable excipient.

The present disclosure provides a pharmaceutical com-
position comprising: a) 1solated tau peptide, wherein the tau
peptide comprises an amino acid sequence having at least
about 95% amino acid sequence 1dentity to the amino acid
sequence set forth 1n SEQ ID NO:5, wherein the tau peptide
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has a length of from about 5 amino acids to about 121 amino
acids; and b) a pharmaceutically acceptable excipient.

The present disclosure provides a pharmaceutical com-
position comprising: a) isolated tau peptide, wherein the tau
peptide comprises an amino acid sequence having at least
about 95% amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:5, wherein the tau peptide
has a length of from about 5 amino acids to about 67 amino
acids; and b) a pharmaceutically acceptable excipient.

In any of the pharmaceutical compositions described
above or elsewhere herein, the tau peptide can at least one
acetylated amino acid; for example, 1n some cases, the at
least one acetylated amino acid 1s an acetylated N-terminal
amino acid. In any of these pharmaceutical compositions,
the tau peptide can comprise a phosphorylated serine residue
and/or a phosphorylated threonine residue. In any of these
pharmaceutical compositions, the tau peptide can comprise
a non-peptide 1sosteric linkage and/or a non-natural amino
acid; for example, the non-natural amino acid can be a
D-amino acid. In any of these pharmaceutical compositions,
the tau peptide can be hypophosphorylated compared to an
intracellular tau peptide of the same amino acid sequence. In
any of these pharmaceutical compositions, the tau peptide
can be immobilized on a solid support; for example, the
solid support can be a bead, a test strip, or a well of a
multi-well plate. In any of these pharmaceutical composi-
tions, the tau peptide can comprise a detectable label; for
example, the detectable label can be a chemiluminescent
agent, a particulate label, a colorimetric agent, an energy
transfer agent, an enzyme, a fluorescent agent, a contrast
agent, or a radioisotope. In any of these pharmaceutical
compositions, the compositions can further include an adju-
vant. The adjuvant can be one that 1s suitable for use 1 a
human. In any of these pharmaceutical compositions, the
composition can be sterile. In any of these pharmaceutical
compositions, the composition can be endotoxin free.

The present disclosure provides a detectably labeled 1s0-
lated tau peptide, wherein the tau peptide comprises: a) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n any
one of SEQ ID NOs:1-3, wherein the tau peptide has a length
of from about 5 amino acids to about 175 amino acids; b) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:4, wherein the tau peptide has a length of from
about 5 amino acids to about 150 amino acids; ¢) an amino
acid sequence having at least about 93% amino acid
sequence 1dentity to the amino acid sequence set forth in
SEQ ID NO:5, wherein the tau peptide has a length of from
about 5 amino acids to about 121 amino acids; or d) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:5, wherein the tau peptide has a length of from
about 5 amino acids to about 67 amino acids.

The present disclosure provides a method of generating an
antibody specific for a tau peptide, the method comprising:
a) administering the peptide to a non-human mammal,
wherein the peptide comprises: 1) an amino acid sequence
having at least about 95% amino acid sequence 1dentity to
the amino acid sequence set forth 1 any one of SEQ ID
NOs:1-3, wherein the tau peptide has a length of from about
5> amino acids to about 175 amino acids; 1) an amino acid
sequence having at least about 95% amino acid sequence
identity to the amino acid sequence set forth in SEQ ID
NO:4, wherein the tau peptide has a length of from about 5
amino acids to about 150 amino acids; 1) an amino acid
sequence having at least about 95% amino acid sequence
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identity to the amino acid sequence set forth i SEQ ID
NO:5, wherein the tau peptide has a length of from about 5
amino acids to about 121 amino acids; or 1v) an amino acid
sequence having at least about 95% amino acid sequence
identity to the amino acid sequence set forth mm SEQ ID
NO:5, wherein the tau peptide has a length of from about 3
amino acids to about 67 amino acids, wherein said admin-
istering induces production of antibody to the peptide; and
b) 1solating the antibody and/or a cell producing the anti-
body from the mammal.

The present disclosure provides a method of stimulating
an 1immune response 1 an individual to a tau peptide, the
method comprising administering a subject pharmaceutical
composition comprising an €Tau polypeptide (e.g., a phar-
maceutical composition as described above or elsewhere
herein) to the individual, wherein said administering stimu-
lates an 1mmune response to the peptide 1n the individual. In
some cases, the immune response comprises production of
antibody specific for tau. In some cases, the immune
response results 1n a change 1n one or more of: a) the amount
of free extracellular tau in brain tissue; b) the amount of {ree
extracellular tau 1n interstitial fluid (ISF); ¢) the amount of
free extracellular tau in cerebrospinal fluid (CSF); d) the
neuron-to-neuron spread of tau; e) the amount of intraneuron
tau aggregates; 1) the degree of microglial and/or astrocyte
activation; g) the amount of phosphorylated or hyperphos-
phorylated tau; h) the amount of total Tau or free tau 1n ISF
or CSF; 1) the amount of intracellular N-terminal tau frag-
ments; 1) neuronal hyperactivity; k) the amount of A340
and/or Ap42 1n CSF; 1) the Ap plaque burden; m) secretion
of AP40 and/or Ap42 from a neuron; n) amyloid precursor
protein (APP) promoter activity; o) APP mRNA and/or
protein level; p) the activity of beta-secretase and/or gamma
secretase; ) the activation state of an A3 induced signaling
pathway; r) the amount of intracellular total tau or free
tau; s) the amount of anti-tau antibody-bound tau in ISF or
CSF; and t) the amount of intracellular anti-Tau antibody-
bound tau.

The present disclosure provides a recombinant expression
vector comprising a nucleotide sequence encoding a tau
peptide, wherein the tau peptide comprises: a) an amino acid
sequence having at least about 95% amino acid sequence
identity to the amino acid sequence set forth in any one of
SEQ ID NOs:1-3, wherein the tau peptide has a length of
from about 5 amino acids to about 175 amino acids; b) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:4, wherein the tau peptlde has a length of from
about 5 amino acids to about 150 amino acids; ¢) an amino
acid sequence having at least about 93% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:3, wherein the tau peptide has a length of from
about 5 amino acids to about 121 amino acids; or d) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:5, wherein the tau peptlde has a length of from
about 5 amino acids to about 67 amino acids. In some cases,
the nucleotide sequence 1s operably linked to a transcrip-
tional control element. The present disclosure provides a
genetically modified host cell comprising any of the above-
listed recombinant vectors.

The present disclosure provides an 1solated monoclonal
antibody that specifically binds an epitope within an extra-
cellular Tau (eTau) polypeptide. In some cases, the eTau
polypeptide comprises: a) an amino acid sequence having at
least about 95% amino acid sequence identity to the amino
acid sequence set forth in any one of SEQ ID NOs:1-3,
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wherein the tau peptide has a length of from about 5 amino
acids to about 175 amino acids; b) an amino acid sequence
having at least about 95% amino acid sequence 1dentity to
the amino acid sequence set forth in SEQ ID NO:4, wherein
the tau peptide has a length of from about 5 amino acids to
about 150 amino acids; ¢) an amino acid sequence having at
least about 95% amino acid sequence 1dentity to the amino
acid sequence set forth in SEQ ID NO:5, wherein the tau
peptide has a length of from about 5 amino acids to about
121 amino acids; or d) an amino acid sequence having at
least about 95% amino acid sequence 1dentity to the amino
acid sequence set forth in SEQ ID NO:5, wherein the tau
peptide has a length of from about 5 amino acids to about 67
amino acids. In some cases, the epitope 1s a linear epitope.
In some cases, the epitope 1s a neoepitope at the C-terminus
ol the peptide. In some cases, the epitope 1s 1n a C-terminal
region of the peptide. In some cases, the antibody binds
specifically to the epitope independently of phosphorylation
of amino acids within the epitope. In some cases, the epitope
does not comprise a phosphorylated amino acid. In some
cases, the epitope comprises a phosphorylated amino acid, a
nitrated amino acid, or both a phosphorylated amino acid
and a nitrated amino acid. In some cases, the antibody 1s
humanized. In some cases, the antibody comprises a human-
ized light chain framework. In some cases, the antibody
comprises a humanized heavy chain framework. In some
cases, the antibody comprises a humanized light chain
framework and a humanized heavy chain framework.

In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ 1D NO:9, SEQ ID NO:10, and
SEQ ID NO:11; and/or b) a VH reglon comprising one or
more complementarlty determining regions (CDRs) selected
from SEQ ID NO:12, SEQ ID NO:13, and SEQ ID NO:14.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ ID NO:17, SEQ ID NO:18, and
SEQ ID NO:19; and/or b) a VH reglon comprising one or
more complementarlty determiming regions (CDRs) selected
from SEQ ID NO:20, SEQ ID NO:21, and SEQ ID NO:22.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ ID NO:65, SEQ ID NO:66, and
SEQ ID NO:67; and/or b) a VH reglon comprising one or
more complementarlty determining regions (CDRs) selected
from SEQ ID NO:68, SEQ ID NO:69, and SEQ ID NO:70.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ ID NO:25, SEQ ID NO:26, and
SEQ ID NO:27; and/or b) a VH reglon comprising one or
more complementarlty determiming regions (CDRs) selected
from SEQ ID NO:28, SEQ ID NO:29, and SEQ ID NO:30.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ ID NO:33, SEQ ID NO:34, and
SEQ ID NO:33; and/or b) a VH reglon comprising one or
more complementarlty determining regions (CDRs) selected
from SEQ ID NO:36, SEQ ID NO:37, and SEQ ID NO:38.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions

(CDRs) selected from SEQ ID NO:41, SEQ ID NO:42, and
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SEQ ID NO:43; and/or b) a VH region comprising one or
more complementarity determining regions (CDRs) selected
from SEQ ID NO:44, SEQ ID NO:435, and SEQ ID NO:46.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determiming regions
(CDRs) selected from SEQ ID NO:49, SEQ ID NO:50, and
SEQ ID NO:31; and/or b) a VH reglon comprising one or
more complementanty determining regions (CDRs) selected
from SEQ ID NO:32, SEQ ID NO:53, and SEQ ID NO:34.
In any of the antibodies described above or elsewhere
herein, the antibody can comprise: a) a VL region compris-
ing one or more complementarity determining regions
(CDRs) selected from SEQ ID NO:57, SEQ ID NO:38, and
SEQ ID NO:59; and/or b) a VH reglon comprising one or
more complementanty determining regions (CDRs) selected
from SEQ ID NO:60, SEQ ID NO:61, and SEQ ID NO:62.

In any of the embodiments of a subject anti-Tau antibody,
the light chain region and the heavy chain region can be
present 1n separate polypeptides. In any of the embodiments
of a subject anti-Tau antibody, the light chain region and the
heavy chain region can be present in a single polypeptide. In
any of the embodiments of a subject anti-Tau antibody, the
antibody can comprise a heavy chain constant region, and
wherein the heavy chain region 1s of the 1sotype 1gG1, 1gG2,
IgG3, or IgG4. In any of the embodiments of a subject
anti-Tau antibody, the antibody can be a Fv, scFv, Fab,
F(ab")2, or Fab'. In any of the embodiments of a subject
anti-Tau antibody, the antibody can comprise a covalently
linked non-peptide synthetic polymer; for example, the
synthetic polymer 1s a poly(ethylene glycol) polymer. In any
of the embodiments of a subject anti-Tau antibody, the
antibody can bind to an eTau polypeptide with a dissociation
constant (K,,) of at least 107" M, 107> M, 10 M, 107'° M,
or 107" M. In any of the embodiments of a subject anti-Tau
antibody, the antibody can be immobilized on an nsoluble
support. In any of the embodiments of a subject anti-Tau
antibody, the antibody can comprise a detectable label; for
example, the detectable label can be a chemiluminescent
agent, a particulate label, a colorimetric agent, an energy
transfer agent, an enzyme, a fluorescent agent, a contrast
agent, or a radioisotope. In any of the embodiments of a
subject anti-Tau antibody, 1n some cases, the epitope 1s not
within amino acids 15-24, or within amino acids 35-20, or
within amino acids 2-18, or within amino acids 19-46 of the
Tau polypeptide.

The present disclosure provides a pharmaceutical formu-
lation comprising: a) an antibody according to any one of the
embodiments described above, or elsewhere herein; and b)
a pharmaceutically acceptable excipient.

The present disclosure provides a recombinant expression
vector comprising a nucleotide sequence encoding the anti-
body according to any one of the embodiments described
above, or elsewhere herein, wherein the nucleotide sequence
1s operably linked to a transcriptional control element that 1s
active 1n a eukaryotic cell. The present disclosure provides
an 1n vitro host cell genetically modified with the recombi-
nant expression vector.

The present disclosure provides a method of treating a
tauopathy, characterized by an abnormal level of tau 1n a
tissue or a fluid 1 an individual, the method comprising
administering to the individual an antibody according to any
one of the embodiments described above, or elsewhere
herein, or the pharmaceutical composition according to any
one of the embodiments described above, or elsewhere
herein, wherein said administering treats the tauopathy. In
some cases, the administering results 1n a change 1n one or
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more of: a) the amount of free extracellular tau 1n brain
tissue; b) the amount of free extracellular tau 1n interstitial
fluid (ISF); ¢) the amount of free extracellular tau 1n cere-
brospinal fluid (CSF); d) the neuron-to-neuron spread of tau;
¢) the amount of intraneuron tau aggregates; 1) the degree of
microglial and/or astrocyte activation; g) the amount of
phosphorylated or hyperphosphorylated tau; h) the amount
of total Tau or free tau 1n ISF or CSF; 1) the amount of
intracellular N-terminal tau fragments; 1) neuronal hyperac-

tivity; k) the amount of APB40 and/or A342 1n CSF; 1) the Ap
plaque burden; m) secretion of APB40 and/or AP42 from a
neuron; n) amyloid precursor protein (APP) promoter activ-
ity; o) APP mRNA and/or protein level; p) the activity of
beta-secretase and/or gamma secretase; q) the activation
state of an AP induced signaling pathway; r) the amount of
intracellular total tau or free tau; s) the amount of anti-tau
antibody-bound tau 1n ISF or CSF; and t) the amount of
intracellular anti-Tau antibody-bound tau. In some embodi-
ments, the administering results in one or more of: a) an
improvement i cognitive function in the individual; b) a
reduction 1n the rate of decline 1n cognitive function 1n the
individual; ¢) an improvement in motor function in the
in(iividual; and d) a reduction 1n the rate of decline 1n motor
function 1n the individual. In some cases, the method further
comprises administering at least one additional agent that
treats the tauopathy. In some cases, administering an anti-
Tau antibody 1s via an intravenous, intrathecal, intramuscus-
lar, or subcutaneous route of administration. In some cases,
the anti-Tau antibody 1s formulated with an agent that
facilitates crossing the blood-brain barrier. In some cases,
the tauopathy 1s Alzheimer’s disease.

The present disclosure provides a method of detecting an
extracellular Tau (eTau) polypeptide 1n a biological sample
obtained from an individual, the method comprising: a)
contacting the sample with an antibody specific for the tau
peptide; and b) detecting binding of the antibody to tau
peptide present in the sample. In some cases, the eTau
polypeptide comprises: a) an amino acid sequence having at
least about 95% amino acid sequence 1dentity to the amino
acid sequence set forth 1n any one of SEQ ID NOs:1-3,
wherein the tau peptide has a length of from about 5 amino
acids to about 175 amino acids; b) an amino acid sequence
having at least about 95% amino acid sequence 1dentity to
the amino acid sequence set forth in SEQ ID NO:4, wherein
the tau peptide has a length of from about 5 amino acids to
about 150 amino acids; ¢) an amino acid sequence having at
least about 95% amino acid sequence 1dentity to the amino
acid sequence set forth in SEQ ID NO:5, wherein the tau
peptide has a length of from about 5 amino acids to about
121 amino acids; or d) an amino acid sequence having at
least about 95% amino acid sequence 1dentity to the amino
acid sequence set forth in SEQ ID NO:5, wherein the tau
peptide has a length of from about 5 amino acids to about 67
amino acids. In some cases, the individual 1s suspected of
having a tauopathy, has been diagnosed as having a tauopa-
thy, or has a genetic predisposition to developing a tauopa-
thy. In some cases, the tauopathy 1s Alzheimer’s disease. In
some cases, the biological sample 1s blood, serum, plasma,
urine, saliva, or cerebrospinal tluid.

The present disclosure provides a method of detecting an
extracellular Tau (eTau) polypeptide 1n a living individual 1n
vivo, the method comprising administering to the individual
an antibody according to any one of the embodiments
described above or elsewhere herein; and detecting binding
of the antibody to tau peptide 1n a brain tissue 1n the
individual using an 1maging method.
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The present disclosure provides a kit comprising the
1solated antibody according to any one of the embodiments

described above or elsewhere herein. In some cases, the kit
turther comprises a reagent for use as a positive control; for
example, the positive control can be a purified eTau poly-
peptide. In some cases, the antibody comprises a detectable
label. In some cases, the antibody 1s immobilized on a solid
support; for example, the solid support can be a test strip.

The present disclosure provides an assay device for use in
detecting, 1n a liquid biological sample obtained from an
individual, a extracellular Tau (eTau) polypeptide, the
device comprising a matrix defining an axial flow path, the
matrix comprising a sample receiving zone at an upstream
end of the flow path that receives the liquid sample. In some
cases, the eTau polypeptide comprises: a) an amino acid
sequence having at least about 95% amino acid sequence
identity to the amino acid sequence set forth 1n any one of
SEQ 1D NOs:1-3, wherein the tau peptide has a length of
from about 5 amino acids to about 175 amino acids; b) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:4, wherein the tau peptlde has a length of from
about 5 amino acids to about 150 amino acids; ¢) an amino
acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:3, wherein the tau peptide has a length of from
about 5 amino acids to about 121 amino acids; or d) an
amino acid sequence having at least about 95% amino acid
sequence 1dentity to the amino acid sequence set forth 1n
SEQ ID NO:3, wherein the tau peptlde has a length of from
about 5 amino acids to about 67 amino acids. In some cases,
the assay device further comprises: one or more test zones
positioned within the flow path and downstream from the
sample receiving zone, each of said one or more test zones
comprising an antibody specific for tau peptide that is
diagnostic of a tauopathy, wherein the antibody 1s 1immobi-
lized 1n each of said test zones, wherein each of said
immobilized antibodies 1s capable of binding different tau
peptide present 1n said liquid sample, to form an 1mmobi-
lized antibody/tau peptide complex. In some cases, the assay
device further comprises one or more control zones posi-
tioned within the flow path and downstream from the sample
receiving zone. In some cases, the assay device 1s a test strip.
In some cases, the device 1s a dipstick assay device. In some
cases, the liquid sample i1s blood, serum, plasma, urine,
saliva, or cerebrospinal fluid.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIGS. 1A and 1B depict amino acid sequences of elau
fragments, 1 alignment with a {fetal tau amino acid
sequence.

FIG. 2 depicts an amino acid sequence of full-length Tau.

FIG. 3 1s a Western blot showing the levels of extracel-
lular Tau (eTau) in conditioned medium from various cell
lines.

FIG. 4 1s a Western blot showing IPNOO2-reactive eTau in
conditioned medium from cortical neurons derived from a
patient with AD.

FIGS. 5A-C depict: detection of Tau fragments 1n condi-
tioned medium from induced pluripotent stem cell-derived
cortical neurons (1IPSC-CN) and human cortical cells (HCC),
in interstitial fluid (ISF) from P301L tau mice, and 1n
cerebrospinal fluid (CSF) from Progressive supranuclear
palsy (PSP) and Alzheimer’s disease (AD) patients (FIG.
5A); time course of eTau secretion (FI1G. 5B); and the effect
of Brefeldin A on eTau secretion (FIG. 5C).

5

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 6 depicts detection 1n protein blots showing detec-
tion of Tau fragments present in cerebrospinal fluid (CSF)
from National Football League (NFL) players with likely
chronic traumatic encephalopathy (CTE).

FIG. 7 depicts protein blots showing detection of Tau
fragments 1n conditioned medium (CM) of 1IPSC-CN from
healthy individuals (H), individuals with AD, and individu-
als with frontotemporal dementia (FTD).

FIGS. 8A-C depict induction of cortical neuron hyperac-
tivity by an extracellular tau (¢Tau) fragment.

FIGS. 9A-E depict uptake of eTau by cortical neurons.

FIG. 10 depicts uptake of recombinant eTau polypeptides
by mouse cortical neurons.

FIG. 11 depicts the eflect of stereotactic injection of eTau
into the hippocampus.

FIG. 12 depicts Western blot analysis of eTau Prepl9.

FIG. 13 depicts a Coomassie-stained gel of: 1) recombi-
nantly produced eTau 2-172 (*¢Taul lot 17°); 11) €Tau present
in conditioned medium of cortical neurons differentiated
from 1PSCs derived from a patient with AD (“endogenous
¢Tau Prepl9” and “‘endogenous eTau Prep20”); and 111)
recombinantly produced eTau 2-166 (*e¢Taula lot 117; and
“eTaula lot 157).

FIGS. 14 A-C depict eTau species present 1n conditioned
medium of cortical neurons differentiated from 1PSCs
derived from a patient with AD. FIG. 14 A depicts the amino
acid sequence of eTau 2-166 (SEQ ID NO:3), compared to
Tau ON3R (SEQ ID NO:73). The C-terminal amino acids for
¢Tau 2-172 and eTau 2-176 are depicted by arrows. FIG.
14B depicts a mass chromatogram of ¢lau present in con-
ditioned medium of cortical neurons differentiated from
1IPSCs dernived from a patient with AD (“endogenous eTau
Prepl19”). FIG. 14C provides a table showing the expected
and observed molecular weights of eTau species present 1n

endogenous elau Prepl9.
FIG. 15 depicts binding of 7299-M2 or IPN0OO2 to recom-
binant full-length tau (rTau383) or eTau4.

FIG. 16 depicts an enzyme-linked immunosorbent assay
(ELISA) with anti-eTau antibodies to quantitate eTau frag-
ments.

FIG. 17 provides Table 6, which provides amino acid
sequences of VH and VL regions, and amino acid sequences

of complementarity-determining regions (CDRs) of anti-Tau

monoclonal antibodies (mAbs) 7295-M6 and 7295-MS.
FIG. 18 provides Table 7, which provides amino acid
sequences of VH and VL regions, and amino acid sequences
of CDRs of anti-Tau mAbs 7298-M1 and 7298-M2.
FIG. 19 provides Table 8, which provides amino acid

sequences of VH and VL regions, and amino acid sequences
of CDRs of anti-Tau mAbs 7299-M2, 7299-M35, and 7299-

MSO.
FIG. 20 provides Table 8, which provides amino acid

sequences of VH and VL regions, and amino acid sequences
of CDRs of anti-Tau mAb 7297-2M1.

DEFINITIONS
The terms “polypeptide,” “peptide,” and “protein,” used
interchangeably herein, refer to a polymeric form of amino
acids of any length, which can include genetically coded and
non-genetically coded amino acids, chemically or biochemi-
cally modified or derivatized amino acids, and polypeptides
having modified peptide backbones. The term includes
fusion proteins, including, but not limited to, fusion proteins
with a heterologous amino acid sequence, fusions with
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heterologous and homologous leader sequences, with or
without N-terminal methionine residues; immunologically
tagged proteins; and the like.

“Isolated” refers to a peptide of interest that, 11 naturally
occurring, 1s in an environment different from that in which
it may naturally occur. “Isolated” 1s meant to mclude pep-
tides that are within samples that are substantially enriched
for the peptide of interest and/or 1 which the peptide of
interest 1s partially or substantially purified. Where the
peptide 1s not naturally occurring, “isolated” indicates the
peptide has been separated from an environment in which it
was made by either synthetic or recombinant means. In some
cases, an 1solated peptide 1s purified (“substantially pure”).

“Substantially pure” indicates that an enfity (e.g., a tau
peptide) makes up greater than about 350% of the total
content of the composition (e.g., total protein of the com-
position), or greater than about 80% of the total protein
content. For example, a “substantially pure” peptide refers to
compositions in which at least 80%, at least 85%, at least
90% or more of the total composition 1s the peptide (e.g.
95%, 98%, 99%, greater than 99% of the total protein). The
peptide can make up greater than about 90%, or greater than
about 95% of the total protein 1n the composition.

The terms “nucleic acid” and *“polynucleotide” are used
interchangeably and refer to a polymeric form of nucleotides
of any length, either deoxyribonucleotides or ribonucle-
otides, or analogs thereof. Non-limiting examples of poly-
nucleotides 1include linear and circular nucleic acids, mes-
senger RNA (mRNA), cDNA, recombinant polynucleotides,
vectors, probes, and primers.

An “anti-tau antibody” refers to an antibody that binds a
tau peptide, specifically binds a tau polypeptide with a K,
less than about 1077, less than about 1072, less than about
1077, less than about 107'°, less than about 107, or less
than about 107'* or less.

The terms “antibodies” and “immunoglobulin” include
antibodies or immunoglobulins of any 1sotype, fragments of
antibodies which retain specific binding to antigen, includ-
ing, but not limited to, Fab, Fv, scFv, and Fd fragments,
chimeric antibodies, humanized antibodies, single-chain
antibodies, bi-specific antibodies, and fusion proteins com-
prising an antigen-binding portion of an antibody and a
non-antibody protemn. The antibodies may be detectably
labeled, e.g., with a radioisotope, an enzyme which gener-
ates a detectable product, a fluorescent protein, and the like.
The antibodies may be further conjugated to other moieties,
such as members of specific binding pairs, e.g., biotin
(member of biotin-avidin specific binding pair), and the like.
The antibodies may also be bound to a solid support,
including, but not limited to, polystyrene plates or beads,
and the like. Also encompassed by the term are Fab', Fv,
F(ab'),, and or other antibody fragments that retain specific
binding to antigen, and monoclonal antibodies. An antibody
may be monovalent or bivalent.

The terms “humanized immunoglobulin™ and “humanized
antibody,” as used herein, refers to an immunoglobulin
comprising portions of immunoglobulins of different origin,
wherein at least one portion comprises amino acid sequences
of human origin. For example, the humanized antibody can
comprise portions derived from an immunoglobulin of non-
human origin with the requisite specificity, such as a mouse,
and from 1immunoglobulin sequences of human origin (e.g.,
chimeric immunoglobulin), jomned together chemically by
conventional techmques (e.g., synthetic) or prepared as a
contiguous polypeptide using genetic engineering tech-
niques (e.g., DNA encoding the protein portions of the
chimeric antibody can be expressed to produce a contiguous
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polypeptide chain). Another example of a humanized immu-
noglobulin 1s an immunoglobulin containing one or more
immunoglobulin chains comprising a CDR derived from an
antibody of nonhuman origin and a framework region
derived from a light and/or heavy chain of human origin
(e.g., CDR-grafted antibodies with or without framework
changes). Chimeric or CDR-grafted single chain antibodies

are also encompassed by the term humanized immunoglobu-
lin. See, e.g., Cabilly et al., U.S. Pat. No. 4,816,567; Cabilly

et al., European Patent No. 0,125,023 B1; Boss et al., U.S.
Pat. No. 4,816,397; Boss et al., European Patent No. 0,120,
694 B1; Neuberger, M. S. et al., WO 86/01533; Neuberger,
M. S. et al., European Patent No. 0,194,276 B1; Winter, U.S.
Pat. No. 5,225,539; Winter, European Patent No. 0,239,400
B1; Padlan, E. A. et al., European Patent Application No.
0,519,596 Al. See also, Ladner et al., U.S. Pat. No. 4,946,
778; Huston, U.S. Pat. No. 5,476,786; and Bird, R. E. et al.,
Science, 242: 423-426 (1988)), regarding single chain anti-
bodies.

For example, humanized antibodies can be produced
using synthetic and/or recombinant nucleic acids to prepare
genes (e.g., cDNA) encoding the desired humanized chain.
For example, nucleic acid (e.g., DNA) sequences coding for
humanized variable regions can be constructed using PCR
mutagenesis methods to alter DNA sequences encoding a
human or humanized chain, such as a DNA template from a

previously humanized variable region (see e.g., Kamman,
M., etal., Nucl. Acids Res., 17: 5404 (1989)); Sato, K., et al.,

Cancer Research, 33: 851-856 (1993); Daugherty, B. L. et
al., Nucleic Acids Res., 19(9). 2471-2476 (1991); and
Lewis, A. P. and J. S. Crowe, Gene, 101: 297-302 (1991)).
Using these or other suitable methods, variants can also be
readily produced. For example, cloned variable regions can
be mutagenized, and sequences encoding variants with the
desired specificity can be selected (e.g., from a phage

library; see e.g., Krebber et al.,, U.S. Pat. No. 5,514,548;
Hoogenboom et al., WO 93/06213, published Apr. 1, 1993)).

“Antibody fragments” comprise a portion of an intact
antibody, for example, the antigen binding or variable region
of the intact antibody. Examples of antibody fragments
include Fab, Fab', F(ab'),, and Fv fragments; diabodies;
linear antibodies (Zapata et al., Protein Eng. 8(10): 1057-
1062 (1993)); single-chain antibody molecules; and multi-
specific antibodies formed from antibody fragments. Papain
digestion of antibodies produces two identical antigen-
binding fragments, called “Fab” fragments, each with a
single antigen-binding site, and a residual “Fc¢” fragment, a
designation reflecting the ability to crystallize readily. Pep-
sin treatment yields an F(ab'), fragment that has two antigen
combining sites and 1s still capable of cross-linking antigen.

“Fv” 1s the mimimum antibody fragment which contains a
complete antigen-recognition and -binding site. This region
consists of a dimer of one heavy- and one light-chain
variable domain 1n tight, non-covalent association. It 1s 1n
this configuration that the three CDRS of each variable
domain interact to deflne an antigen-binding site on the
surface of the V-V, dimer. Collectively, the six CDRs
confer antigen-binding specificity to the antibody. However,
even a single variable domain (or half of an Fv comprising
only three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower aflinity than
the entire binding site.

The “Fab” fragment also contains the constant domain of
the light chain and the first constant domain (CH,) of the
heavy chain. Fab fragments differ from Fab' fragments by
the addition of a few residues at the carboxyl terminus of the
heavy chain CH,; domain including one or more cysteines
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from the antibody hinge region. Fab'-SH 1s the designation
herein for Fab' in which the cysteine residue(s) of the
constant domains bear a free thiol group. F(ab'), antibody
fragments originally were produced as pairs of Fab' frag-
ments which have hinge cysteines between them. Other >
chemical couplings of antibody fragments are also known.
The “light chains™ of antibodies (immunoglobulins) from
any vertebrate species can be assigned to one of two clearly
distinct types, called kappa and lambda, based on the amino
acid sequences of their constant domains. Depending on the
amino acid sequence of the constant domain of their heavy
chains, immunoglobulins can be assigned to diflerent

classes. There are five major classes of immunoglobulins:
IgA, IgD, IgE, IgGG, and IgM, and several of these may be
turther divided into subclasses (1sotypes), e.g., IgG1, 1gG2,
I1gG3, IgG4, IgA, and IgA2.

“Single-chain Fv” or “sFv” antibody fragments comprise
the V., and V,; domains of antibody, wherein these domains
are present 1n a single polypeptide chain. In some embodi- 3¢
ments, the Fv polypeptide further comprises a polypeptide
linker between the V., and V,; domains, which enables the
sFv to form the desired structure for antigen binding. For a
review ol sFv, see Pluckthun in 7The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore 25
eds., Springer-Verlag, New York, pp. 269-315 (1994).

The term “diabodies™ refers to small antibody fragments
with two antigen-binding sites, which fragments comprise a
heavy-chain vaniable domain (V,) connected to a light-
chain variable domain (V,) in the same polypeptide chain 30
(V -V ;). By using a linker that 1s too short to allow pairing
between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another

chain and create two antigen-binding sites. Diabodies are
described more fully in, for example, EP 404,097; WO 35

93/11161; and Hollinger et al. (1993) Proc. Natl. Acad. Sci.
USA 90:6444-6448.

As used herein, the term “athmty™ refers to the equilib-
rium constant for the reversible binding of two agents (e.g.,
an antibody and an antigen) and 1s expressed as a dissocia- 40
tion constant (Kd). Afhinity can be at least 1-fold greater, at
least 2-fold greater, at least 3-fold greater, at least 4-fold
greater, at least S-fold greater, at least 6-1fold greater, at least
7-fold greater, at least 8-fold greater, at least 9-1fold greater,
at least 10-fold greater, at least 20-fold greater, at least 45
30-fold greater, at least 40-fold greater, at least 50-fold
greater, at least 60-fold greater, at least 70-fold greater, at
least 80-fold greater, at least 90-fold greater, at least 100-
fold greater, or at least 1000-fold greater, or more, than the
allinity of an antibody for unrelated amino acid sequences. 50
Aflimity of an antibody to a target protein can be, for
example, from about 100 nanomolar (nM) to about 0.1 nM,
from about 100 nM to about 1 picomolar (pM), or from
about 100 nM to about 1 femtomolar (IM) or more. As used
herein, the term “avidity” refers to the resistance of a 55
complex of two or more agents to dissociation after dilution.
The terms “immunoreactive” and “preferentially binds™ are
used iterchangeably herein with respect to antibodies and/
or antigen-binding fragments.

The term “binding” refers to a direct association between 60
two molecules, due to, for example, covalent, electrostatic,
hydrophobic, and ionic and/or hydrogen-bond interactions,
including interactions such as salt bridges and water bridges.

A subject anti-Tau antibody binds specifically to an epitope
within a Tau polypeptide. Non-specific binding would refer 65
to binding with an affinity of less than about 107" M, e.g.,

binding with an affinity of 107° M, 10— M, 107* M, etc.
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As used herein, the term “CDR” or “complementarity
determining region’ 1s intended to mean the non-contiguous
antigen combining sites found within the varnable region of
both heavy and light chain polypeptides. CDRs have been
described by Kabat et al., J. Biol. Chem. 252:6609-6616
(1977); Kabat et al., U.S. Dept. of Health and Human
Services, “Sequences of proteins of immunological interest”
(1991); by Chothia et al., J. Mol. Biol. 196:901-917 (1987);

and MacCallum et al., J. Mol. Biol. 262:732-745 (1996),

where the definitions include overlapping or subsets of
amino acid residues when compared against each other.
Nevertheless, application of either definition to refer to a
CDR of an antibody or grafted antibodies or variants thereof
1s intended to be within the scope of the term as defined and
used herein. The amino acid residues which encompass the
CDRs as defined by each of the above cited references are
set forth below 1n Table 1 as a comparison.

TABLE 1

CDR Definitions

Kabat? Chothia? MacCallum?
V, CDR1 31-35 26-32 30-35
Vi CDR2 50-65 53-55 47-58
Vi CDR3 95-102 96-101 93-101
V; CDRI1 24-34 26-32 30-36
V; CDR2 50-56 50-52 46-55
V; CDR3 80-97 91-96 89-96

IResidue mimbering follows the nomenclature of Kabat et al., supra
‘Residue mimbering follows the nomenclature of Chothia et al., supra

‘Residue mimbering follows the nomenclature of MacCallum et al., supra

As used herein, the term “framework™ when used in
reference to an antibody variable region 1s intended to mean
all amino acid residues outside the CDR regions within the
variable region of an antibody. A varnable region framework
1s generally a discontinuous amino acid sequence between
about 100-120 amino acids 1n length but i1s intended to
reference only those amino acids outside of the CDRs. As
used herein, the term “framework region” 1s intended to
mean each domain of the framework that 1s separated by the
CDR:s.

An ““1solated” antibody 1s one that has been 1dentified and
separated and/or recovered from a component of 1ts natural
environment. Contaminant components of 1ts natural envi-
ronment are materials that would interfere with diagnostic or
therapeutic uses for the antibody, and may include enzymes,
hormones, and other proteinaceous or nonproteinaceous
solutes. In some embodiments, the antibody will be purified
(1) to greater than 90%, greater than 95%, or greater than
98%, by weight of antibody as determined by the Lowry
method, for example, more than 99% by weight, (2) to a
degree suflicient to obtain at least 15 residues of N-terminal
or internal amino acid sequence by use of a spinning cup
sequenator, or (3) to homogeneity by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) under
reducing or nonreducing conditions using Coomassie blue
or silver stain. Isolated antibody includes the antibody 1n situ
within recombinant cells since at least one component of the
antibody’s natural environment will not be present. In some
instances, 1solated antibody will be prepared by at least one
purification step.

By “treatment” 1s meant that at least an amelioration of
the symptoms associated with the condition afilicting the
host 1s achieved, where amelioration refers to at least a
reduction in the magnitude of a parameter, e.g. symptom,
associated with the condition being treated. As such, treat-
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ment includes situations where the condition, or at least
symptoms associated therewith, are reduced or avoided.
Thus treatment includes: (1) prevention, that is, reducing the
risk of development of clinical symptoms, including causing
the clinical symptoms not to develop, e.g., preventing dis-
case progression to a harmiul or otherwise undesired state;
(1) mhibition, that 1s, arresting the development or further
development of clinical symptoms, e.g., mitigating or com-
pletely inhibiting an active disease.

The term “effective amount” or “therapeutically eflective
amount” means a dosage suilicient to provide for treatment
for the disease state being treated or to otherwise provide the
desired effect (e.g., induction of an effective 1mmune
response, reduction of one or more pathological features of
a tauopathy, etc.). The precise dosage can vary according to
a variety of factors, such as subject-dependent variables
(e.g., weight, age, etc.), the disease, and the treatment being
ellected.

The terms “individual,” “host,” “subject,” and “patient,”
used interchangeably herein, refer to a mammal, including,
but not limited to, murines (e.g., rats, mice), lagomorphs,
non-human primates, humans, etc. In some embodiments, an
individual 1s a human. In some embodiments, an individual
1s a rodent (e.g., a mouse, a rat, etc.) or a lagomorph (e.g.,
a rabbait).

The term “biological sample,” as used herein, refers to a
composition containing matter obtained directly from a
subject (e.g., a human patient, or human control subject).
The term “biological sample” encompasses liquid samples
of biological origin, solid tissue samples such as a biopsy
specimen or tissue cultures or cells derived therefrom and
the progeny thereof. Examples of biological samples
include, but are not limited to samples of: cerebrospinal flmid
(CSF), interstitial fluid (ISF), whole blood, serum, plasma,
sputum, urine, pleural tluid, lacrimal fluid, bronchioalveolar
lavage fluid, saliva, feces, hair, and tissues. The definition
also includes samples that have been manipulated 1n any
way after their procurement, such as by treatment with
reagents, solubilization, or enrichment for certain compo-
nents. The term “biological sample” encompasses a clinical
sample, and also includes cells 1n culture, cell supernatants,
cell lysates, serum, plasma, biological fluid, and tissue
samples. In some cases, a biological sample 1s a liquid
sample.

The term “induced pluripotent stem cell,” (IPSC) as used
herein, refers to a pluripotent stem cell derived from a
postnatal somatic cell by any combination of forced expres-
s1on of reprogramming factors alone or 1n combination with
one or more reprogramming agents.

The term “cellular reprogramming,” as used herein, refers
to any of a number of known methods for converting cells
of one cell type (e.g., fibroblasts) into cells of another cell
type (e.g., neurons). Such methods include “direct conver-
sion” methods i which a starting cell type 1s converted into
a desired cell type without an mtermediate cell type step.
Cellular reprogramming also includes conversion of starting
cell types (e.g., fibroblasts or white blood cells) into pluri-
potent stem cells (referred to as “induced pluripotent stem
cells; 1IPSCs) followed by directed diflerentiation 1n vitro to
become cell types of interest, e.g., cortical neurons, motor
neurons, or astrocytes.

Before the present mnvention 1s further described, 1t 1s to
be understood that this mvention 1s not limited to particular
embodiments described, as such may, of course, vary. It 1s
also to be understood that the terminology used herein 1s for
the purpose of describing particular embodiments only, and
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1s not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range, 1s encompassed
within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the invention,
subject to any specifically excluded limit 1n the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are
also included 1n the mvention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used 1n the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or mate-
rials in connection with which the publications are cited.

It must be noted that as used herein and 1n the appended
claims, the singular forms *“a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a tau peptide” includes a plurality
of such peptides and reference to “the composition” includes
reference to one or more compositions and equivalents
thereol known to those skilled 1n the art, and so forth. It 1s
turther noted that the claims may be draited to exclude any
optional element. As such, this statement 1s intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.

It 1s appreciated that certain features of the invention,
which are, for clarity, described 1n the context of separate
embodiments, may also be provided in combination 1n a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described 1n the context of
a single embodiment, may also be provided separately or 1n
any suitable sub-combination. All combinations of the
embodiments pertaining to the invention are specifically
embraced by the present invention and are disclosed herein
just as 1f each and every combination was individually and
explicitly disclosed. In addition, all sub-combinations of the
various embodiments and elements thereof are also specifi-
cally embraced by the present invention and are disclosed
herein just as 1f each and every such sub-combination was
individually and explicitly disclosed herein.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein 1s to be construed as an admission
that the present mvention 1s not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be diflerent from the actual pub-

lication dates which may need to be independently con-
firmed.

DETAILED DESCRIPTION

The present disclosure provides 1solated tau peptides, and
compositions comprising the peptides. The present disclo-
sure provides antibodies specific for an 1solated tau peptide,
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as well as kits and assay devices comprising the antibodies.
The antibodies find use 1n diagnostic and treatment methods,
which are also provided.
Tau Peptides

The present disclosure provides 1solated tau peptides, and
compositions comprising the peptides. In some cases, a
subject Tau peptide 1s an extracellular Tau (*e¢Tau™) poly-
peptide. “Extracellular tau” (“eTau™), as used herein,

encompasses any Tau polypeptide that can be detected 1n
cerebrospinal tluid (CSF) or interstitial fluid (ISF).
(¢Taul)

A tau peptide (e.g., an eTau polypeptide; e.g., an eTaul
polypeptide) of the present disclosure can comprise an
amino acid sequence having at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99%, or 100%, amino acid
sequence 1dentity to a contiguous stretch of from about 5
amino acids to 175 amino acids (e.g., a contiguous stretch of
from about 5 amino acids (aa) to about 10 aa, from about 10
aa to about 15 aa, from about 15 aa to about 20 aa, from
about 20 aa to about 25 aa, from about 25 aa to about 30 aa,
from about 30 aa to about 35 aa, from about 35 aa to about
40 aa, from about 40 aa to about 45 aa, from about 45 aa to
about 50 aa, from about 50 aa to about 75 aa, from about 75
aa to about 100 aa, from about 100 aa to about 125 aa, from
about 125 aa to about 150 aa, or from about 150 aa to about
175 aa) of the Tau peptide amino acid sequence depicted 1n
FIG. 1A and set forth in SEQ ID NO:1. In some cases, the
N-terminal alanine 1s acetylated.

In some cases, €.g., where a subject tau peptide has a
length of 175 amino acids, the C-terminal amino acid of the
tau peptide 1s lysine, which may be referred to as “K176,”
the “176” referring to the numbering based on human fetal
tau (SEQ ID NO:7 as depicted 1n FIGS. 1A and 1B).

A subject tau peptide can have a length of from about 5
amino acids to about 175 amino acids, e.g., from about 5
amino acids (aa) to about 10 aa, from about 10 aa to about
15 aa, from about 15 aa to about 20 aa, from about 20 aa to
about 25 aa, from about 25 aa to about 30 aa, from about 30
aa to about 35 aa, from about 35 aa to about 40 aa, from
about 40 aa to about 45 aa, from about 45 aa to about 50 aa,
from about 50 aa to about 75 aa, from about 75 aa to about
100 aa, from about 100 aa to about 125 aa, from about 125
aa to about 150 aa, or from about 150 aa to about 175 aa.

A tau peptide of the present disclosure can comprise an
amino acid sequence having at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99%, or 100%, amino acid
sequence 1dentity to a contiguous stretch of from about 5
amino acids to 171 amino acids (e.g., a contiguous stretch of
from about 5 amino acids (aa) to about 10 aa, from about 10
aa to about 15 aa, from about 15 aa to about 20 aa, from
about 20 aa to about 25 aa, from about 25 aa to about 30 aa,
from about 30 aa to about 35 aa, from about 35 aa to about
40 aa, {from about 40 aa to about 45 aa, from about 45 aa to
about 50 aa, from about 50 aa to about 75 aa, from about 75
aa to about 100 aa, from about 100 aa to about 125 aa, from
about 125 aa to about 150 aa, or from about 150 aa to about
1’71 aa) of the Tau peptide amino acid sequence depicted 1n
FIG. 1A and set forth 1n SEQ ID NO:2. In some cases, the
N-terminal alanine 1s acetylated.

In some cases, e.g., where a subject tau peptide has a
length of 171 amino acids, the C-terminal amino acid of the
tau peptide 1s arginine, which may be referred to as “R172,”
the “172” referring to the numbering based on human fetal

tau (SEQ ID NO:7 as depicted 1in FIGS. 1A and 1B).
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A subject tau peptide can have a length of from about 5
amino acids to about 171 amino acids, e.g., from about 5
amino acids (aa) to about 10 aa, from about 10 aa to about
15 aa, from about 15 aa to about 20 aa, from about 20 aa to
about 25 aa, from about 25 aa to about 30 aa, from about 30
aa to about 35 aa, from about 35 aa to about 40 aa, from
about 40 aa to about 45 aa, from about 45 aa to about 50 aa,
from about 50 aa to about 75 aa, from about 75 aa to about
100 aa, from about 100 aa to about 125 aa, from about 125
aa to about 150 aa, or from about 150 aa to about 171 aa.
(eTau2)

A tau peptide (e.g., an e¢Tau polypeptide; e.g., an e¢Tau2
polypeptide) of the present disclosure can comprise an
amino acid sequence having at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99%, or 100%, amino acid
sequence 1dentity to a contiguous stretch of from about 3
amino acids to 150 amino acids (e.g., a contiguous stretch of
from about 5 amino acids (aa) to about 10 aa, from about 10
aa to about 15 aa, from about 15 aa to about 20 aa, from
about 20 aa to about 25 aa, from about 25 aa to about 30 aa,
from about 30 aa to about 35 aa, from about 35 aa to about
40 aa, from about 40 aa to about 45 aa, from about 45 aa to
about 50 aa, from about 50 aa to about 75 aa, from about 75
aa to about 100 aa, from about 100 aa to about 125 aa, or
from about 125 aa to about 150 aa) of the Tau peptide amino
acid sequence depicted 1in FIG. 1A and set forth in SEQ 1D
NO:4.

In some cases, e.g., where a subject tau peptide has a
length o1 150 amino acids, the C-terminal amino acid of the
tau peptide 1s arginine, which may be referred to as “R131,”
the “151” referring to the numbering based on human fetal
tau (SEQ ID NO:7 as depicted in FIGS. 1A and 1B).

A subject tau peptide can have a length of from about 5
amino acids to about 150 amino acids, e.g., from about 5
amino acids (aa) to about 10 aa, from about 10 aa to about
15 aa, from about 15 aa to about 20 aa, from about 20 aa to
about 25 aa, from about 25 aa to about 30 aa, from about 30
aa to about 35 aa, from about 35 aa to about 40 aa, from
about 40 aa to about 45 aa, from about 45 aa to about 50 aa,
from about 50 aa to about 75 aa, from about 75 aa to about
100 aa, from about 100 aa to about 125 aa, or from about 125
aa to about 150 aa.

(eTau3)

A tau peptide (e.g., an e¢Tau polypeptide; e.g., an eTau3
polypeptide) of the present disclosure can comprise an
amino acid sequence having at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99%, or 100%, amino acid
sequence 1dentity to a contiguous stretch of from about 10
amino acids to 121 amino acids (e.g., a contiguous stretch of
from about 10 amino acids (aa) to about 15 aa, from about
15 aa to about 20 aa, from about 20 aa to about 25 aa, from
about 25 aa to about 30 aa, from about 30 aa to about 35 aa,
from about 35 aa to about 40 aa, from about 40 aa to about
45 aa, from about 45 aa to about 50 aa, from about 50 aa to
about 75 aa, from about 75 aa to about 100 aa, or from about
100 aa to about 121 aa) of the Tau peptide amino acid
sequence depicted 1n FIG. 1A and set forth in SEQ ID NO:3.

In some cases, €.g., where a subject tau peptide has a
length of 121 amino acids, the C-terminal amino acid of the
tau peptide 1s lysine, which may be referred to as “K122,”
the “122” referring to the numbering based on human fetal
tau (SEQ ID NO:7 as depicted in FIGS. 1A and 1B).

A subject tau peptide can have a length of from about 5
amino acids to about 121 amino acids, e.g., from about 5
amino acids (aa) to about 10 aa, from about 10 aa to about
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15 aa, from about 15 aa to about 20 aa, from about 20 aa to
about 25 aa, from about 25 aa to about 30 aa, from about 30
aa to about 35 aa, from about 35 aa to about 40 aa, from
about 40 aa to about 45 aa, from about 45 aa to about 50 aa,
from about S0 aa to about 75 aa, from about 75 aa to about
100 aa, or from about 100 aa to about 121 aa.

(¢Taud)

A tau peptide (e.g., an eTau polypeptide; e.g., an eTaud
polypeptide) of the present disclosure can comprise an
amino acid sequence having at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99%, or 100%, amino acid
sequence 1dentity to a contiguous stretch of from about 10
amino acids to 67 amino acids (e.g., a contiguous stretch of
from about 10 amino acids (aa) to about 15 aa, from about
15 aa to about 20 aa, from about 20 aa to about 25 aa, from
about 25 aa to about 30 aa, from about 30 aa to about 35 aa,
from about 35 aa to about 40 aa, from about 40 aa to about
45 aa, from about 45 aa to about 50 aa, or from about 50 aa
to about 67 aa) of the Tau peptide amino acid sequence
depicted 1n FIG. 1A and set forth in SEQ ID NO:6.

In some cases, €.g., where a subject tau peptide has a
length of 67 amino acids, the C-terminal amino acid of the
tau peptide 1s arginine, which may be referred to as “R68,”
the “68” referring to the numbering based on human fetal tau
(SEQ ID NO:7 as depicted 1n FIGS. 1A and 1B).

A subject tau peptide can have a length of from about 5
amino acids to about 67 amino acids, e.g., from about 5
amino acids (aa) to about 10 aa, from about 10 aa to about
15 aa, from about 15 aa to about 20 aa, from about 20 aa to
about 25 aa, from about 25 aa to about 30 aa, from about 30
aa to about 35 aa, from about 35 aa to about 40 aa, from
about 40 aa to about 45 aa, from about 45 aa to about 50 aa,
or from about 50 aa to about 67 aa.

In some cases, a tau peptide (e.g., and extracellular Tau
peptide) of the present disclosure comprises one or more
acetylated amino acids. In some 1nstances, only the N-ter-
minal amino acid residue of a subject acetylated tau peptide
1s acetylated. In some instances, only the N-terminal amino
acid residue of a subject acetylated tau peptide 1s acetylated;
and the tau peptide does not include any other amino acid
modifications (e.g., the peptide 1s not phosphorylated). In
other cases, the N-terminal amino acid residue of a subject
acetylated tau peptide 1s acetylated; and the tau peptide
comprises one or more additional acetylated amino acid
residues. In still other cases, only the N-terminal amino acid
residue of a subject acetylated tau peptide 1s acetylated; and
one or more amino acid residues (other than the N-terminal
amino acid residue) 1s phosphorylated.

For example, 1n some cases, the N-terminal amino acid
residue of a subject acetylated tau peptide 1s acetylated; and
Thr-122 (corresponding to Thr-123 of fetal tau) 1s phospho-
rylated. In some instances, the N-terminal amino acid resi-
due of a subject acetylated tau peptide 1s acetylated; and
Ser-143 (corresponding to Ser-144 of fetal tau) 1s phospho-
rylated. In still other cases, the N-terminal amino acid
residue of a subject acetylated tau peptide 1s acetylated;
Thr-122 (corresponding to Thr-123 of fetal tau) 1s phospho-
rylated; and Ser-143 (corresponding to Ser-144 of fetal tau)
1s phosphorylated.

A tau peptide of the present disclosure can be hypophos-
phorylated relative to intracellular tau; e.g., the tau peptide
can have fewer phosphorylated amino acids than an intra-
cellular tau peptide having the same amino acid sequence.
For example, where an intracellular tau peptide may have 3
or more phosphorylated amino acid residues, a subject tau
peptide can have fewer than 3 phosphorylated amino acid
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residues, e.g., 2 phosphorylated amino acid residues, 1
phosphorylated amino acid residue, or no phosphorylated
amino acid residues.

In some instances, 1n a population of tau peptides of the
present disclosure that are homogeneous with respect to the
sequence of amino acid residues (e.g., residues without
post-translational modification), from about 2% to about
100% of the population can include an amino acid residue
having a phosphorylated side chain. For example, from
about 2% to about 5%, from about 5% to about 10%, from
about 10% to about 15%, from about 15% to about 20%,
from about 20% to about 25%, from about 25% to about
30%, from about 30% to about 40%, from about 40% to
about 50%, from about 50% to about 60%, from about 60%
to about 70%, from about 70% to about 80%, from about
80% to about 90%, or from about 90% to 100%, of the tau
peptides 1 a population of tau peptides of the present
disclosure that are homogeneous with respect to amino acid
sequence can include one, two, three, or more than three,
phosphorylated amino acid residues (e.g., phosphorylated
serine; phosphorylated threonine).

As one non-limiting example, 1n some cases, a subject tau
peptide comprises an acetylated N-terminal amino acid (e.g.,
Ala®*®) and may or may not include one or more additional
amino acid modifications, e.g., a modification of an amino
acid other than the N-terminal Ala.

A subject tau peptide can comprise 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, or more than 10, amino acid substitutions (e.g.,
conservative amino acid substitutions), relative to the amino
acid sequence set forth in any one of SEQ ID NOs:1-6, as
depicted 1n FIG. 1A.

By “conservative amino acid substitution” generally
refers to substitution of amino acid residues within the
following groups:

)L, I, M, V, F;

2) R, K
3)E Y,

4)G, AT, S

5) Q, N; and

6) D, E.

Conservative amino acid substitutions in the context of a
subject tau peptide are selected so as to preserve a biological
activity of the peptide. Such presentation may be preserved
by substituting with an amino acid with a side chain of
similar acidity, basicity, charge, polarity, or size to the side
chain of the amino acid being replaced. Guidance for
substitutions, insertion, or deletion may be based on align-
ments of amino acid sequences of different variant proteins
or proteins from different species. For example, at certain
residue positions that are fully conserved, substitution, dele-
tion or insertion may not be allowed while at other positions
where one or more residues are not conserved, an amino acid
change can be tolerated. Residues that are semi-conserved
may tolerate changes that preserve charge, polarity, and/or
S1Z€.

Detectable Labels

A tau peptide of the present disclosure can include a
detectable label. Suitable detectable labels include any moi-
ety detectable by spectroscopic, photochemical, biochemi-
cal, immunochemical, electrical, optical or chemical means.
Suitable detectable labels include, but are not limited to,
magnetic beads (e.g. Dynabeads™); fluorescent proteins
(e.g., a green fluorescent protein, a red fluorescent protein,
a yellow fluorescent protein, and the like); fluorescent dyes

(e.g., fluorescein 1sothiocyanate, texas red, rhodamine or a
rhodamine derivative (e.g., rhodamine B; TAMRA),

7-Amino-4-methyl-coumarin  (AMC), 3-((2-Aminoethyl)

2

H,

R;

2
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amino )napthalene-1-sulfonic acid (EDANS), 7-Nitrobenz-
2-oxa-1,3-diazole (NBD), etc.); a fluorescence quencher
(e.g., Dabcyl, Dansyl, 2,4-Dinitrophenol, etc.); p-Nitroani-
line; radiolabels (e.g., °H, '*°1, >>S, "*C, "N, °C, N, or
*2P); enzymes (e.g., horse radish peroxidase, alkaline phos-
phatase, luciferase, and others commonly used 1 an
enzyme-linked immunosorbent assay (ELISA)); colorimet-
ric labels such as colloidal gold or colored glass or plastic

(e.g. polystyrene, polypropylene, latex, etc.) beads; and the

like.
Solid Supports

A tau peptide of the present disclosure can be attached,
directly or via a linker, to a solid support. Suitable supports
are well known 1n the art and include, inter alia, commer-
cially available column matenals, polystyrene beads, latex
beads, magnetic beads, colloid metal particles, glass and/or
s1licon chips and surfaces, nitrocellulose strips, nylon mem-
branes, sheets, wells of reaction trays (e.g., multi-well
plates), plastic tubes, etc. A solid support can comprise any
ol a variety of substances, including, e.g., glass, polystyrene,
polyvinyl chlonide, polypropylene, polyethylene, polycar-
bonate, dextran, nylon, amylose, natural and modified cel-
luloses, polyacrylamides, agaroses, and magnetite. Suitable
methods for immobilizing a subject tau peptide onto a solid
support are well known and include, but are not limited to
ionic, hydrophobic, covalent interactions and the like. Solid
supports can be soluble or 1nsoluble, e.g., 1n aqueous solu-
tion. In some embodiments, a suitable solid support 1s
generally msoluble 1n an aqueous solution.

Modifications

In some cases, a tau peptide of the present disclosure
comprises one or more modifications. For example, a subject
tau peptide can be cyclized. As another example, a subject
tau peptide can have one or more amino acid modifications.
A subject tau peptide can include one or more D-amino
acids.

Modifications of interest that do not alter primary
sequence 1nclude chemical denivatization of polypeptides,
¢.g., acetylation, or carboxylation. Also included are modi-
fications of glycosylation, e.g. those made by modifying the
glycosylation patterns of a polypeptide during 1ts synthesis
and processing or in further processing steps; €.g2. by expos-
ing the polypeptide to enzymes which aflect glycosylation,
such as mammalian glycosylating or deglycosylating
enzymes. Also embraced are peptides that have phosphory-
lated amino acid residues, e.g. phosphotyrosine, phosphos-
erine, or phosphothreonine. In some 1nstances, a subject
peptide comprises one or more phosphorylated amino acids.
In some 1nstances, a tau peptide of the present disclosure
comprises a phosphothreonine residue and/or a phosphos-
erine residue.

The present disclosure also provides tau peptides that
have been modified using ordinary molecular biological
techniques and synthetic chemistry so as to improve their
resistance to proteolytic degradation or to optimize solubil-
ity properties or to render them more suitable as a thera-
peutic agent. Analogs of such peptides include those con-
taining residues other than naturally occurring L-amino
acids, e.g., D-amino acids or non-naturally occurring syn-
thetic amino acids.

The following are non-limiting examples of amino acid
modifications that can be made to a subject tau peptide:

a) substitution of alkyl-substituted hydrophobic amino
acids: including alanine, leucine, 1soleucine, valine, norleu-
cine, (S)-2-aminobutyric acid, (S)-cyclohexylalanine or
other simple alpha-amino acids substituted by an aliphatic
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side chain from C,-C,, carbons including branched, cyclic
and straight chain alkyl, alkenyl or alkynyl substitutions;

b) substitution of aromatic-substituted hydrophobic
amino acids: including phenylalanine, tryptophan, tyrosine,
sulfotyrosine, biphenylalamine, 1-naphthylalanine, 2-naph-
thylalanine, 2-benzothienylalanine, 3-benzothienylalanine,
histidine, including amino, alkylamino, dialkylamino, aza,
halogenated (fluoro, chloro, bromo, or 10do) or alkoxy (from
C,-C,)-substituted forms of the above-listed aromatic amino
acids, illustrative examples of which are: 2-, 3- or 4-amino-
phenylalanine, 2-, 3- or 4-chlorophenylalanine, 2-, 3- or
4-methylphenylalamine, 2-, 3- or 4-methoxyphenylalanine,
S-amino-, S-chloro-, 5-methyl- or 5S-methoxytryptophan, 2'-,
3'-, or 4'-amino-, 2'-, 3'-, or 4'-chloro-, 2, 3, or 4-biphenyl-
alanine, 2'-, 3'-, or 4'-methyl-, 2-, 3- or 4-biphenylalanine,
and 2- or 3-pyridylalanine;

c) substitution of amino acids containing basic side
chains: including arginine, lysine, histidine, ormithine, 2,3-
diaminopropionic acid, homoarginine, including alkyl, alk-
enyl, or aryl-substituted (from C,-C,, branched, linear, or
cyclic) dervatives of the previous amino acids, whether the
substituent 1s on the heteroatoms (such as the alpha nitrogen,
or the distal nitrogen or nitrogens, or on the alpha carbon, 1n
the pro-R position for example. Compounds that serve as
illustrative examples include: N-epsilon-1sopropyl-lysine,
3-(4-tetrahydropynidyl)-glycine,  3-(4-tetrahydropyridyl)-
alanine,  N,N-gamma,  gamma'-diethyl-homoarginine.
Included also are compounds such as alpha-methyl-arginine,
alpha-methyl-2,3-diaminopropionic acid, alpha-methyl-his-
tidine, alpha-methyl-ornithine where the alkyl group occu-
pies the pro-R position of the alpha-carbon. Also included
are the amides formed from alkyl, aromatic, heteroaromatic
(where the heteroaromatic group has one or more mitrogens,
oxygens or sulfur atoms singly or in combination) carbox-
ylic acids or any of the many well-known activated deriva-
tives such as acid chlorides, active esters, active azolides and
related derivatives) and lysine, orithine, or 2,3-diamino-
propionic acid;

d) substitution of acidic amino acids: including aspartic
acid, glutamic acid, homoglutamic acid, tyrosine, alkyl, aryl,
arylalkyl, and heteroaryl sulfonamides of 2,4-diaminopro-
pionic acid, ornithine or lysine and tetrazole-substituted
alkyl amino acids;

¢) substitution of side chain amide residues: including
asparagine, glutamine, and alkyl or aromatic substituted
derivatives of asparagine or glutamine; and

f) substitution of hydroxyl containing amino acids:
including serine, threonine, homoserine, 2,3-diaminopropi-
onic acid, and alkyl or aromatic substituted derivatives of
serine or threonine.

In some cases, a subject tau peptide comprises one or
more naturally occurring non-genetically encoded L-amino
acids, synthetic L-amino acids or D-enantiomers of an
amino acid. For example, a tau peptide of the present
disclosure can comprise only D-amino acids. For example,
a tau peptide of the present disclosure can comprise one or
more of the following residues: hydroxyproline, {3-alanine,
o-aminobenzoic acid, m-aminobenzoic acid, p-aminoben-
zoic acid, m-aminomethylbenzoic acid, 2,3-diaminopropi-
onic acid, a-aminoisobutyric acid, N-methylglycine (sar-
cosine), ornithine, citrulline, t-butylalanine, t-butylglycine,
N-methylisoleucine, phenylglycine, cyclohexylalanine, nor-
leucine, naphthylalanine, pyridylalanine 3-benzothienyl ala-
nine, 4-chlorophenylalanine, 2-fluorophenylalanine, 3-fluo-
rophenylalanine, 4-fluorophenylalanine, penicillamine, 1,2,
3.4-tetrahydroisoquinoline-3-carboxylic acid, 3-2-
thienylalamine, methionine sulfoxide, homoarginine,
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N-acetyl lysine, 2,4-diamino butyric acid, rho-aminophenyl-
alanine, N-methylvaline, homocysteine, homoserine,
s-amino hexanoic acid, wm-aminohexanoic acid, w-amino-
heptanoic acid, m-aminooctanoic acid, w-aminodecanoic
acid, m-aminotetradecanoic acid, cyclohexylalanine, a,y-
diaminobutyric acid, o,f-diaminopropionic acid, d-amino
valeric acid, and 2,3-diaminobutyric acid.

In some cases, a subject tau peptide includes one or more
linkages other than peptide bonds, e.g., at least two adjacent
amino acids are jomned via a linkage other than an amide
bond. For example, to reduce or eliminate undesired pro-
teolysis or other degradation pathways and/or to increase
serum stability and/or to restrict or increase conformational
flexibility, one or more amide bonds within the backbone of
a tau peptide of the present disclosure can be substituted.

For example, one or more amide linkages (—CO—
NH—) 1n a subject tau peptide can be replaced with another
linkage which 1s an 1sostere such as: —CH,.NH—, CH,S—,
—CH,CH,—, —CH=—CH-(c1s and trans) —COCHZ—,,
—CH(OH)CHz— and —CH,SO—. This replacement can
be made by methods known 1n the art.

As another example, one or more amide linkages 1n a tau
peptide of the present disclosure can be replaced with a
reduced 1sostere pseudopeptide bond. Couder et al. (1993)
Int. J. Peptide Protein Res. 41:181-184.

A tau peptide may be joined to a wide variety of other
peptides or proteins for a variety of purposes. By providing,
for expression of a subject peptide, various post-transla-
tional modifications may be achieved. For example, by
employing the appropriate coding sequences, one may pro-
vide farnesylation or prenylation. In this situation, the pep-
tide will be bound to a lipid group at a terminus, so as to be
able to be bound to a lipid membrane, such as a liposome.

A cysteine residue or a cysteine analog can be mtroduced
into a subject tau peptide to provide for linkage to another
peptide via a disulfide linkage or to provide for cyclization
ol a subject tau peptide. Methods of introducing a cysteine
or cysteine analog are known 1n the art; see, e.g., U.S. Pat.
No. 8,067,532.

A tau peptide of the present disclosure can be cyclized.
One or more cysteine or cysteine analogs can be itroduced
into a subject tau peptide, where the introduced cysteine or
cysteine analog can form a disulfide bond with a second
introduced cysteine or cysteine analog. Other means of
cyclization include introduction of an oxime linker or a
lanthionine linker; see, e.g., U.S. Pat. No. 8,044,175, Any
combination of amino acids (or non-amino acid moiety) that
can form a cyclizing bond can be used and/or introduced. A
cyclizing bond can be generated with any combination of
amino acids (or with amino acid and —(CH,), —CO— or
—(CH,) —CH,—CO—) with functional groups which
allow for the introduction of a bridge. Some examples are
disulfides, disulfide mimetics such as the —(CH,),— carba
bridge, thioacetal, thioether bridges (cystathionine or lan-
thionine) and bridges containing esters and ethers.

Other modifications include, for example, an N-alkyl (or
aryl) substitution (\W[CONR]), or backbone crosslinking to
construct lactams and other cyclic structures. Other deriva-
tives of the modulator compounds of the imnvention include
C-terminal hydroxymethyl derivatives, O-modified deriva-
tives (e.g., C-terminal hydroxymethyl benzyl ether), N-ter-
minally modified derivatives including substituted amides
such as alkylamides and hydrazides.

In some cases, one or more L-amino acids in a tau peptide
of the present disclosure 1s replaced with a D-amino acid.

In some cases, a subject tau peptide 1s a retroinverso

analog. Sela and Zisman (1997) FASEB J. 11:449. Retro-
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inverso peptide analogs are 1somers of linear peptides 1n
which the direction of the amino acid sequence 1s reversed
(retro) and the chirality, D- or L-, of one or more amino acids
therein 1s 1nverted (1nverso) €.g., using D-amino acids rather
than L-amino acids. See, e.g., Jameson et al. (1994) Nature

368:744; and Brady et al. (1994) Nature 368:692.

The carboxyl group COR; of the amino acid at the
C-terminus of a subject tau peptide can be present in a free
form (R;—OH) or 1n the form of a physiologically tolerated
alkaline or alkaline earth salt such as e.g. a sodium, potas-
situm or calcium salt. The carboxyl group can also be
esterified with primary, secondary or tertiary alcohols such
as e.g., methanol, branched or unbranched C,-C.-alkyl
alcohols, e.g., ethyl alcohol or tert-butanol. The carboxyl
group can also be amidated with primary or secondary
amines such as ammonia, branched or unbranched C,-C.-
alkylamines or C,-C, di-alkylamines, e.g., methylamine or
dimethylamine.

The amino group of the amino acid NR, R, at the N-ter-
minus of a tau peptide of the present disclosure can be
present 1n a free form (R,—H and R,—H) or 1n the form of
a physiologically tolerated salt such as e.g., a chlonide or
acetate. The amino group can also be acetylated with acids
so that R,—H and R.,=acetyl, trifluoroacetyl, or adamantyl.
The amino group can be present in a form protected by
conventional amino protecting groups of peptide chemistry
such as e.g., Fmoc, Z, Boc, or Alloc. The amino group can
be N-alkylated in which R, and/or R,.—C,-C alkyl or C,-C,
alkenyl or C,-C, aralkyl.

Alkyl residues can be straight-chained, branched or
optionally cyclic alkyl residues, e.g., methyl, ethyl, 1sopro-
pyl and cyclohexyl.

One way to modily a subject tau peptide 1s to conjugate
(e g link) one or more additional elements at the N- and/or
C-terminus ol the peptide, such as another protein (e.g.
having an amino acid sequence heterologous to the subject
peptide) and/or a carrier molecule. Thus, an exemplary
protein 1s a fusion protein comprising a peptide(s) derived
from a tau peptide of the present disclosure.

Modifications that can enhance serum half-life of a sub-
ject tau peptide are of terest. A subject tau peptide may be
“PEGylated”, as containing one or more poly(ethylene gly-
col) (PEG) moieties. Methods and reagents suitable for
PEGylation of a protein are well known 1n the art and may
be found 1n U.S. Pat. No. 5,849,860, disclosure of which 1s
incorporated herein by reference PEG suitable for conju-
gation to a protein 1s generally soluble 1n water at room
temperature, and has the general formula R(O—CH,—
CH,) O—R, where R 1s hydrogen or a protective group
such as an alkyl or an alkanol group, and where n 1s an
integer from 1 to 1000. Where R 1s a protective group, it
generally has from 1 to 8 carbons.

The PEG conjugated to a subject tau peptide can be linear.
The PEG conjugated to the subject tau peptide may also be
branched. Branched PEG derivatives such as those
described in U.S. Pat. No. 5,643,575, “star-PEG’s” and
multi-armed PEG’s such as those described in Shearwater
Polymers, Inc. catalog “Polyethylene Glycol Derivatives
1997-1998.” Star PEGs are described 1n the art including,
e.g., in U.S. Pat. No. 6,046,303,

Where a tau peptide of the present disclosure 1s to be
incorporated 1nto a liposome, carbohydrate, lipid moaiety,
including N-fatty acyl groups such as N-lauroyl, N-oleoyl,
fatty amines such as dodecyl amine, oleoyl amine, and the
J.S. Pat. No. 6,638,513) may also be used to

like (e.g., see U
modity the subject tau peptide.
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Additional Modifications

A subject tau peptide can be modified to comprise one or
more covalently linked moieties. Suitable modifications
include, e.g., biotin; lipids (e.g., farmesyl, formyl, myristoyl,
palmitoyl and stearyl groups); poly(ethylene glycol);
((His),, e.g., 6His; an epitope tag, e.g., glutathione-S-trans-
terase (GST), hemagglutinin (HA; e.g., YPYDVPDYA;
SEQ ID NO:74), FLAG (e.g., DYKDDDDK; SEQ ID
NO:75), c-myc (e.g., EQKLISEEDL; SEQ ID NO:76)); a
carrier (e.g., for immunization); and the like.

Carriers

A tau peptide of the present disclosure can be linked to a
carrier. The term “linked,” as used herein interchangeably
with the term “coupled,” refers to proximately associated,
¢.g., the tau peptide and the carrier are i1n close spatial
proximity. In some cases, the linkage 1s a covalent linkage.
In other cases, the linkage 1s a non-covalent linkage. The tau
peptide can be linked directly to the carrier. Alternatively,
the tau peptide can be linked to a carrier indirectly, e.g., via
a linker molecule.

Examples of suitable carriers include large, slowly
metabolized macromolecules such as: proteins; polysaccha-
rides, such as sepharose, agarose, cellulose, cellulose beads
and the like; polymeric amino acids such as polyglutamic
acid, polylysine, and the like; amino acid copolymers;
inactivated virus particles; mactivated bacterial toxins such
as toxoid from diphthena, tetanus, cholera, leukotoxin mol-
ecules; liposomes; 1nactivated bacteria; dendritic cells; and
the like. Carriers are described 1n further detail below.

Suitable carriers are well known 1n the art, and include,
¢.g., thyroglobulin, albumins such as human serum albumin,
tetanus toxoid; Diphthena toxoid; polyamino acids such as
poly(D-lysine:D-glutamic acid); VP6 polypeptides of rota-
viruses;, 1nfluenza virus hemagglutinin, influenza virus
nucleoprotein; hepatitis B virus core protein, hepatitis B
virus surface antigen; purified protein derivative (PPD) of
tuberculin from Mvycobacterium tuberculosis, inactivated
Pseudomonas aeruginosa exotoxin A (toxin A); Keyhole
Limpet Hemocyanin (KLH); filamentous hemagglutimin
(FHA) of Bordetella pertussis; T helper cell (Th) epitopes of
tetanus toxoid (TT) and Bacillus Calmette-Guerin (BCG)
cell wall; recombinant 10 kDa, 19 kDa and 30-32 kDa
proteins from M. leprae or from M. tuberculosis, or any
combination of these proteins; and the like. See, e.g., U.S.
Pat. No. 6,447,778 for a discussion of carriers, and {for
methods of conjugating peptides to carriers.

Pseudomonas aeruginosa exotoxin A (toxin A) has been
used eflectively as a carrier in conjugate vaccines.
Pseudomonas aeruginosa exotoxin A may be purified from
the supernatant of fermentor-grown cultures of Pseudomo-
nas aeruginosa PA 103. Toxin A has been classified as a
superantigen based upon results in animals. Toxin A can be
completely and 1rreversibly detoxified by covalent coupling
to adipic acid dihydrazide (ADH), a 4 carbon spacer mol-
ecule. This step destroys the ADPR-transierase activity of
the toxin molecule, hence rendering 1t nontoxic. The non-
reacted hydrazide group can be used to covalently couple a
polypeptide to toxin A. Toxin A may also be coupled to a
polypeptide using a carbodiimide reagent.

Tau-peptide conjugates are conveniently prepared with
glutaraldehyde as coupling agent. See, e.g., Rubinstein et al.
(1995) AIDS 9:243-51.

The methods by which a subject polypeptide 1s conju-
gated with a carrier include disulfide linkages through a C
terminal peptide cysteine linkage, coupling with glutaralde-
hyde solution for two hours, coupling with tyrosine, or
coupling with water soluble carbodiimide.

10

15

20

25

30

35

40

45

50

55

60

65

24

In some embodiments, a subject tau peptide 1s lipidated.
The lipid residue, such as palmitic acid or the like, 1s
attached to the amino terminus of the peptide. The lipid can
be attached directly to the peptide, or, indirectly via a
linkage, such as a Ser-Ser, Gly, Gly-Gly, Ser linkage or the
like. As another example, £. coli lipoprotein, such as tri-
palmitoyl-S-glycerylcysteinyl-seryl-serine (P, CSS), can be
used to prime specific C'1L when covalently attached to the
peptide. See, Deres et al., Nature 342:561-364 (1989). A
subject tau peptide can be conjugated with uncharged fatty
acid residues of different chain lengths and degrees of
unsaturation, ranging from acetic to stearic acid as well as to

negatively charged succinyl residues via the approprate
carboxylic acid anhydrides. See, e.g., U.S. Pat. No. 6,419,

031.

A subject tau peptide may be conjugated directly or
indirectly, e.g., via a linker molecule, to a carrier. A wide
variety of linker molecules are known 1n the art and can be
used 1n the conjugates. The linkage from the peptide to the
carrier may be through a peptide reactive side chain, or the
N- or C-terminus of the peptide. A linker may be an organic,
inorganic, or semi-organic molecule, and may be a polymer
of an organic molecule, an morganic molecule, or a copo-
lymer comprising both 1morganic and organic molecules.

If present, the linker molecules are generally of suflicient
length to permit the tau peptide and a linked carrier to allow
some flexible movement between the tau peptide and the
carrier. The linker molecules are generally about 6-50 atoms
long. The linker molecules may also be, for example, aryl
acetylene, ethylene glycol oligomers containing 2-10 mono-
mer units, diamines, diacids, amino acids, or combinations
thereof. Other linker molecules which can bind to polypep-
tides may be used 1n light of this disclosure.

Methods of Making a Tau Peptide

A subject tau peptide can be isolated and purified 1n
accordance with conventional methods of recombinant syn-
thesis. A lysate can be prepared of an expression host cell
that produces a subject tau peptide, or the culture medium
from an expression host cell that produces a subject tau
peptide can be harvested, and a tau peptide can be purified
from the lysate or culture medium using high performance
liquid chromatography (HPLC), exclusion chromatography,
gel electrophoresis, aflinity chromatography, or other puri-
fication technique. In some cases, a composition comprising
a subject tau peptide will comprise at least 80% by weight
of the desired product, at least about 85% by weight, at least
about 95% by weight, or at least about 99.5% by weight, 1n
relation to contaminants related to the method of preparation
of the tau peptide product and its purification. The percent-
ages can be based upon total protein.

In some cases, a tau peptide of the present disclosure will
be purified from the culture medium of a cell that produces
the tau peptide. For example, a host cell can be genetically
modified with a nucleic acid comprising a nucleotide
sequence encoding a subject tau peptide, such that the
genetically modified host cell produces the tau peptide and
secretes 1t 1nto the culture medium.

A subject tau peptide can also be prepared by 1n vitro
chemical synthesis, using conventional methods as known 1n
the art. Various commercial synthetic apparatuses are avail-
able, for example, automated synthesizers by Applied Bio-
systems, Inc., Foster City, Calif., Beckman, etc. By using
synthesizers, naturally occurring amino acids may be sub-
stituted with unnatural amino acids. The particular sequence
and the manner of preparation will be determined by con-
venience, economics, purity required, and the like. For
example, solid-phase peptide synthesis (SPPS) allows the
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incorporation of unnatural amino acids and/or peptide/pro-
tein backbone modification. Various forms of SPPS, such as
Fmoc and Boc, are available for synthesizing a subject

peptide. Details of the chemical synthesis are known 1n the
art (e.g., Ganesan A. 2006 Mini Rev. Med Chem. 6:3-10 and

Camarero J A et al. 2005 Protein Pept Lett. 12:723-8).

If desired, various groups may be introduced into the
peptide during synthesis or during expression. For example,
a tau peptide can be acetylated and/or phosphorylated during
synthesis. As noted above, SPPS allows the incorporation of
unnatural amino acids and/or peptide/protein backbone
modification. Methods for acetylating an amino acid, meth-
ods for phosphorylating an amino acid (e.g., incorporating a
phosphorylated amino acid) are known 1n the art. See, e.g.,
“Amino Acid and Peptide Synthesis” (2002) John Jones,
Oxford University Press, 27 Ed; “Fmoc Solid Phase Peptide
Synthesis: A Practical Approach™ (2000) W. C. Chan and
Peter D. White, eds., Oxford University Press, 1°° Ed.

Alternatively, a group can be introduced nto a tau pep-
tide, which group can provide for linking to other molecules
or to a surface. Thus, e.g., cysteines can be used to make
thioethers, histidines for linking to a metal 1on complex,
carboxyl groups for forming amides or esters, amino groups
for forming amides, and the like.

The peptide generated by chemical synthesis can be
purified by various chromatographic methods, including 1on
exchange over a weakly basic resin in the acetate form;
hydrophobic adsorption chromatography on non-derivatized
polystyrene/divinylbenzene copolymers (e.g., Amberlite®
XAD); adsorption chromatography on silica gel; 10n
exchange chromatography, e.g., on carboxymethyl cellu-
lose; distribution chromatography, e.g., on Sephadex®
(-25; countercurrent distribution chromatography; or high
pressure liquid chromatography (HPLC) e.g., reversed-
phase HPLC on octyl or octadecylsilylsilica (ODS) phases.

As another example, a tau peptide can be purified from the
culture medium of a neuronal cell (e.g., a cortical neuron; a
motor neuron) that has been derived from an induced
pluripotent stem (1PS) cell. For example, a fibroblast or other
somatic cell obtained from an individual can be used to
generate an 1PS cell; and the 1PS cell so generated can be
induced 1n 1n vitro cell culture to differentiate into a cortical
neuron or a motor neuron, using methods known in the art.
See, e.g., Dimos et al. (2008) Science 321:1218-1221;
Chambers et al. (2009) Nat. Biotechnol. 27:275; Cooper et
al. (2010) Mol. Cell. Neurosci. 45:258; and Hu et al. (2010)
Proc. Natl. Acad. Sci. USA 107:4335. A tau peptide secreted
into the culture medium by the in vitro differentiated neuron
can be purified from the culture medium.

In some cases, the neuron 1s produced by differentiating
in vitro an 1PS cell generated from a somatic cell (e.g., a
fibroblast) obtained from an individual having a tauopathy.
Methods of making 1PS cells from a somatic cell, such as a
fibroblast, are known 1n the art. See, e.g., Takahashi and
Yamanaka (2006) Cell 126:663-676; Yamanaka et al. (2007)
Nature 448:313-7; Wernig et al. (2007) Nature 448:318-24;
Maherali (2007) Cell Stem Cell 1:53-70; Maherali and
Hochedlinger (2008) Cell Stem Cell 3:595-605; Park et al.
(2008) Cell 134:1-10; Dimos et al. (2008) Science 321:
1218-1221; Blelloch et al. (2007) Cell Stem Cell 1:245-247;
Stadtield et al. (2008) Science 322:945-949; Stadtield et al.
(2008) 2:230-240; Okata et al. (2008) Science 322:949-953;
Yu et al. (2009) Science 324:797; Soldner et al. (2009) Cell
136:964; and Kaji et al. (2009) Nature 458:771.

An 1PS cell can be generated from a variety of cells,
including, but not limited to: fibroblasts, skin fibroblasts,
dermal fibroblasts, bone marrow-derived mononuclear cells,

5

10

15

20

25

30

35

40

45

50

55

60

65

26

skeletal muscle cells, adipose cells, peripheral blood mono-
nuclear cells, macrophages, hepatocytes, keratinocytes, oral
keratinocytes, hair follicle dermal cells, epithelial cells,
gastric epithelial cells, lung epithelial cells, synovial cells,
kidney cells, skin epithelial cells, pancreatic beta cells, and
osteoblasts. Cells used to generate 1PS cells can originate
from a variety of types of tissue including but not limited to:
bone marrow, skin (e.g., dermis, epidermis), muscle, adipose
tissue, peripheral blood, foreskin, skeletal muscle, and
smooth muscle.

Cells used to generate an 1PS cell can be obtained from a
human (e.g., an adult human) who has a tauopathy. For
example, cells used to generate an 1PS cell can be obtained
from a human (e.g., an adult human) who has Alzheimer’s
disease.

1PS cells produce and express on their cell surface one or
more of the following cell surface antigens: SSEA-3, SSEA -
4, TRA-1-60, TRA-1-81, TRA-2-49/6E (alkaline phos-
phatase), and Nanog. For example, 1PS cells can express on
their cell surface SSEA-3, SSEA-4, TRA1-60, TRA1-81,
and Nanog.

Generation of an 1PS cell from a somatic cell can involve
forcing expression of a set of factors in a somatic cell 1n
order to promote increased potency of the cell or de-
differentiation of the cell. Forcing expression can include
introducing expression vectors encoding exogenous poly-
peptides 1nto cells, where exogenous polypeptides include,
¢.g., one, two, three, four, or more of: Oct3/4, Kli4, c-Myc,
Sox2, Nanog, Lin28, Esrrb, SV40 Large T antigen, and
hTERT. For example, an 1PS cell can be generated from an
adult somatic cell by introducing into the somatic cell one or
more expression vectors comprising nucleotide sequences
encoding Oct3/4, Kli4, c-Myc, Sox2, Nanog, and Lin28. As
another example, an 1PS cell can be generated from an adult
somatic cell by introducing into the somatic cell one or more
expression vectors comprising nucleotide sequences encod-
ing Oct3/4, K114, c-Myc, and Sox2.

An 1PS cell can be generated from a somatic cell without

the use of vectors or transgene sequences. See, €.g., Yu et al.
(2009) Science 324:797, Soldner et al. (2009) Cell 136:964;

and Kaji et al. (2009) Nature 458:771.
An 1PS can be induced to differentiate 1into a neuron 1n
vitro. Methods of inducing an 1PS cell to differentiate into a

neuron 1n vitro are known 1n the art. See, e.g., Dimos et al.
(2008) Science 321:1218-1221; Chambers et al. (2009) Nat.

Biotechnol. 277:2775; Cooper et al. (2010) Mol. Cell. Neuro-
sci. 45:238; and Hu et al. (2010) Proc. Natl. Acad. Sci. USA
107:4335. An 1PS cell can be maintained 1n vitro in a culture
medium, such that embryoid bodies (EBs) spontancously
form. EBs can be maintained in vitro 1 a culture medium
comprising an agonist of the sonic hedgehog (SHH) signal-
ing pathway and retinoic acid (RA), then plated on laminin-
coated surface; under these conditions, EBs differentiate into
neurons; see, €.g., Dimos (2008) supra.

Neurons may be identified by expression of one or more
neuronal markers such as: Tujl (fB-III-tubulin); MAP-2
(microtubule associated protein 2, other MAP genes such as
MAP-1 or -5 may also be used); anti-axonal growth clones;
ChAT (choline acetyltransierase); CgA (anti-chromagranin
A); DARRP (dopamine and cAMP-regulated phosphopro-
tein); DAT (dopamine transporter); GAD (glutamic acid
decarboxylase); GAP (growth associated protein); anti-HuC
protein; anti-HuD protein; o-internexin; NeuN (neuron-
specific nuclear protein); NF (neurofilament); NGF (nerve
growth factor); v-SE (neuron specific enolase); peripherin;
PHS; PGP (protein gene product); SERT (serotonin trans-
porter); synapsin; Tau (neurofibrillary tangle protein); anti-
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Thy-1; TRK (tyrosine kinase receptor); TRH (tryptophan
hydroxyvlase); anti-1TUC protein; TH (tyrosine hydroxylase);
VRL (vanilloid receptor like protein); VGAT (vesicular
GABA transporter); and VGLUT (vesicular glutamate trans-
porter).

Nucleic Acids and Host Cells

The present disclosure provides 1solated nucleic acids,
where a nucleic acid of the present disclosure comprises a
nucleotide sequence encoding a subject tau peptide. A
nucleotide sequence encoding a tau peptide of the present
disclosure can be operably linked to one or more regulatory
clements, such as a promoter and/or an enhancer, that allow
expression of the nucleotide sequence 1n the intended target
cells (e.g., a cell that 1s genetically modified to synthesize
the encoded tau peptide). In some embodiments, a subject
nucleic acid 1s a recombinant expression vector.

Suitable promoter and enhancer elements are known 1n
the art. For expression 1n a bacterial cell, suitable promoters
include, but are not limited to, lacl, lacZ, 13, T/, gpt, lambda
P and trc. For expression in a eukaryotic cell, suitable
promoters mclude, but are not limited to, light and/or heavy
chain 1immunoglobulin gene promoter and enhancer ele-
ments; cytomegalovirus immediate early promoter; herpes
simplex virus thymidine kinase promoter; early and late
SV40 promoters; promoter present in long terminal repeats
from a retrovirus; mouse metallothionein-I promoter; and
the like.

In some embodiments, e.g., for expression 1n a yeast cell,
a suitable promoter 1s a constitutive promoter such as an
ADHI1 promoter, a PGK1 promoter, an ENO promoter, a
PYK1 promoter and the like; or a regulatable promoter such
as a GAL1 promoter, a GAL10 promoter, an ADH2 pro-
moter, a PHOS promoter, a CUP1 promoter, a GAL7 pro-
moter, a MET125 promoter, a ME13 promoter, a CYCI
promoter, a HIS3 promoter, an ADHI1 promoter, a PGK
promoter, a GAPDH promoter, an ADCI1 promoter, a TRP1
promoter, a URA3 promoter, a LEU2 promoter, an ENO
promoter, a TP1 promoter, and AOX1 (e.g., for use in
Pichia). Selection of the appropriate vector and promoter 1s
well within the level of ordinary skill 1n the art.

Suitable promoters for use 1n prokaryotic host cells
include, but are not limited to, a bacteriophage T7 RINA
polymerase promoter; a trp promoter; a lac operon promoter;
a hybrid promoter, e.g., a lac/tac hybrid promoter, a tac/trc
hybrid promoter, a trp/lac promoter, a T'//lac promoter; a trc
promoter; a tac promoter, and the like; an araBAD promoter;
in vivo regulated promoters, such as an ssaG promoter or a

related promoter (see, e.g., U.S. Patent Publication No.
20040131637), a pagC promoter (Pulkkinen and Miller, J.

Bacteriol., 1991: 173(1): 86-93; Alpuche-Aranda et al.,
PNAS, 1992; 89(21): 10079-83), a nirB promoter (Harborne
et al. (1992) Mol. Micro. 6:2805-2813), and the like (see,
¢.g., Dunstan et al. (1999) Infect. Immun. 67:5133-5141;
McKelvie et al. (2004) Vaccine 22:3243-3255; and Chatfield
et al. (1992) Biotechnol. 10:888-892); a sigma’/0 promoter,
¢.g., a consensus sigma70 promoter (see, e.g., GenBank
Accession Nos. AX798980, AX798961, and AX798183); a
stationary phase promoter, e¢.g., a dps promoter, an spy
promoter, and the like; a promoter derived from the patho-
genicity 1sland SPI-2 (see, e.g., W0O96/17951); an actA
promoter (see, e.g., Shetron-Rama et al. (2002) Infect.
Immun. 70:1087-1096); an rpsM promoter (see, e.g., Val-
divia and Falkow (1996). Mol. Microbiol. 22:367); a tet
promoter (see, e.g., Hillen, W. and Wissmann, A. (1989) In
Saenger, W. and Heinemann, U. (eds), Topics in Molecular
and Structural Biology, Protein-Nucleic Acid Interaction.
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promoter (see, e.g., Melton et al. (1984) Nucl. Acids Res.
12:7035); and the like. Suitable strong promoters for use 1n
prokaryotes such as Escherichia coli include, but are not
limited to Trc, Tac, TS, T7, and P, _ .. Non-limiting
examples of operators for use 1n bacterial host cells include
a lactose promoter operator (LLad repressor protein changes
conformation when contacted with lactose, thereby prevent-
ing the Lacl repressor protein from binding to the operator),
a tryptophan promoter operator (when complexed with
tryptophan, TrpR repressor protein has a conformation that
binds the operator; 1n the absence of tryptophan, the TrpR
repressor protein has a conformation that does not bind to
the operator), and a tac promoter operator (see, for example,
deBoer et al. (1983) Proc. Natl. Acad. Sc1. U.S.A. 80:21-25).

A nucleotide sequence encoding a tau peptide of the
present disclosure can be present in an expression vector
and/or a cloning vector. An expression vector can include a
selectable marker, an origin of replication, and other features
that provide for replication and/or maintenance of the vector.

Large numbers of suitable vectors and promoters are
known to those of skill 1in the art; many are commercially
available for generating a subject recombinant construct.
Large numbers of suitable vectors and promoters are known
to those of skill 1n the art; many are commercially available
for generating a subject recombinant construct. The follow-
ing vectors are provided by way of example. Bacterial: pBs,
phagescript, PsiX174, pBluescript SK, pBs KS, pNHS8a,
pNHI16a, pNHI18a, pNH46a (Stratagene, La Jolla, Calif.,
USA); pTrc99A, pKK223-3, pKK233-3, pDR340, and
pRITS (Pharmacia, Uppsala, Sweden). Eukaryotic: pWL-
neo, pSV2cat, pOG44, PXR1, pSG (Stratagene) pSVK3,
pBPV, pMSG and pSVL (Pharmacia).

The present disclosure provides 1solated genetically
modified host cells (e.g., in vitro cells) that are genetically
modified with a subject nucleic acid. In some embodiments,
a subject 1solated genetically modified host cell can produce
a tau peptide of the present disclosure.

Suitable host cells include eukaryotic host cells, such as
a mammalian cell, an insect host cell, a yeast cell; and
prokaryotic cells, such as a bactenal cell. Introduction of a
subject nucleic acid 1nto the host cell can be eflected, for
example by calcium phosphate precipitation, DEAE dextran
mediated transiection, liposome-mediated transfection,
clectroporation, or other known method.

Suitable prokaryotic cells include, but are not limited to,
any ol a varniety of laboratory strains of Escherichia coli,
Lactobacillus sp., Salmonella sp., Shigella sp., and the like.
See, e.g., Carrier et al. (1992) J. Immunol 148:1176-1181;
U.S. Pat. No. 6,447,784, and Sizemore et al. (1995) Science
270:299-302.

In some cases, a subject genetically modified host cell 1s
a mammalian cell. Suitable mammalian cells include pri-
mary cells and immortalized cell lines. Suitable mammalian
cell lines include human cell lines, non-human primate cell
lines, rodent (e.g., mouse, rat) cell lines, and the like.
Suitable mammalian cell lines include, but are not limited to,

Hela cells (e.g., American Type Culture Collection (ATCC)
No. CCL-2), CHO cells (e.g., ATCC Nos. CRL9618,
CCL61, CRL9096), 293 cells (e.g., ATCC No. CRL-1573),
Vero cells, NIH 3T3 cells (e.g., ATCC No. CRL-1658),
Huh-7 cells, BHK cells (e.g., ATCC No. CCL10), PC12 cells
(ATCC No. CRL1721), COS cells, COS-7 cells (ATCC No.
CRL1631), RAT1 cells, mouse L cells (ATCC No. CCLI.3),
human embryomic kidney (HEK) cells (ATCC No.
CRL1573), HLHepG2 cells, and the like.

In some cases, a subject genetically modified host cell 1s
a neuronal cell or a neuronal-like cell. The cells can be of
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human, non-human primate, mouse, or rat origin, or derived
from a mammal other than a human, non-human primate,
rat, or mouse. Suitable cell lines include, but are not limited
to, a human glioma cell line, e.g., SVGpl12 (ATCC CRL-
8621), CCF-STTG1 (ATCC CRL-1718), SW 1088 (ATCC
HTB-12), SW 1783 (ATCC HTB-13), LLN-18 (ATCC
CRL-2610), LNZTA3IWTA4 (ATCC CRL-11543),
LNZTA3IWTI11 (ATCC CRL-11344), U-138 MG (ATCC
HTB-16), U-87 MG (ATCC HTB-14), H4 (ATCC HTB-
148), and LN-229 (ATCC CRL-2611); a human medullo-
blastoma-derived cell line, e.g., D342 Med (ATCC HTB-

187), Daoy (ATCC HTB-186), D283 Med (ATCC HTB-
185); a human tumor-derived neuronal-like cell, e.g.,
PFSK-1 (ATCC CRL-2060), SK-N-DZ (ATCCCRL-2149),
SK-N-AS (ATCC CRL-2137), SK-N-FI (ATCC CRL-2142),
IMR-32 (ATCC CCL-127), etc.; a mouse neuronal cell line,
e.g., BC3HI1 (ATCC CRL-1443), EOC1 (ATCC CRL-2467),
C8-D30 (ATCC CRL-2534), C8-S (ATCC CRL-2535),
Neuro-2a (ATCC CCL-131), NB41A3 (ATCC CCL-147),
SWI10 (ATCC CRL-2766), NG108-15 (ATCC HB-12317); a
rat neuronal cell line, e.g., PC-12 (ATCC CRL-1721), CTX
TNA2 (ATCC CRL-2006), C6 (ATCC CCL-107), F98
(ATCC CRL-2397), RG2 (ATCC CRL-2433), B35 (ATCC
CRL-2734), R3 (ATCC CRL-2764), SCP (ATCC CRL-
1700), OA1 (ATCC CRL-6338).

Where a subject genetically modified host cell 1s a neuron,
a nucleotide sequence encoding subject tau peptide can be
operably linked to a neuron-specific control sequence (e.g.,
a neuron-speciiic promoter).

Suitable neuron-specific control sequences include, but
are not limited to, a neuron-specific enolase (NSE) promoter
(see, e.g., EMBL HSENO2, X51956); an aromatic amino
acid decarboxylase (AADC) promoter; a neurofilament pro-
moter (see, e.g., GenBank HUMNFL, 1.04147); a synapsin
promoter (see, e.g., GenBank HUMSYNIB, M55301); a
thy-1 promoter (see, e.g., Chen et al. (1987) Cell 31:7-19;
and Llewellyn, et al. (2010) Nat. Med. 16(10):1161-1166); a
serotonin receptor promoter (see, e.g., GenBank S62283); a
tyrosine hydroxylase promoter (TH) (see, e.g., Oh et al.
(2009) Gene Ther 16:437; Sasaoka et al. (1992) Mol. Brain
Res. 16:2°74; Boundy et al. (1998) J. Neurosci. 18:9989; and
Kaneda et al. (1991) Neuron 6:583-594); a GnRH promoter
(see, e.g., Radovick et al. (1991) Proc. Natl. Acad. Sci. USA
88:3402-3406); an L7 promoter (see, e¢.g., Oberdick et al.
(1990) Science 248:223-226); a DNMT promoter (see, €.g.,
Bartge et al. (1988) Proc. Natl. Acad. Sci. USA 85:3648-
36352); an enkephalin promoter (see, ¢.g., Comb et al. (1988)
EMBO J. 17:3793-3805); a myelin basic protein (MBP)
promoter; a Ca”*-calmodulin-dependent protein kinase II-
alpha (CamKIIa) promoter (see, e.g., Maytord et al. (1996)
Proc. Natl. Acad. Sci. USA 93:13250; and Casanova et al.
(2001) Genesis 31:37); and a CMV enhancer/platelet-de-
rived growth factor-f3 promoter (see, e.g., Liu et al. (2004 )
(GGene Therapy 11:52-60).

In some 1nstances, a neuronal cell that produces a subject
tau peptide 1s differentiated 1n vitro from an induced pluri-
potent (1PS) cell generated from a somatic cell of an indi-
vidual, e.g., an individual having a tauopathy. Methods of
making such neurons are known in the art and are described
below.

Tau Peptide Compositions

The present disclosure provides compositions (“tau pep-
tide compositions”), including pharmaceutical composi-
tions, comprising a subject tau peptide. In some cases, a
subject tau peptide composition 1S an IMMmMuUNOgenic CoOmMpo-
s1tiomn.
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A subject tau peptide composition can comprise, 1n addi-
tion to a subject tau peptide, one or more of: a salt, e.g.,
NaCl, Mg(Cl,, KCI, MgSQO,, etc.; a buflering agent, e.g., a
Tris butler, N-(2-Hydroxyethyl )piperazine-N'-(2-ethanesul-
tonic acid) (HEPES), 2-(N-Morpholino)ethanesulfonic acid
(MES), 2-(N-Morpholino)ethanesulfonic acid sodium salt
(MES), 3-(N-Morpholino)propanesulionic acid (MOPS),
N-tris| Hydroxymethyl Jmethyl-3-aminopropanesulionic
acid (TAPS), etc.; a solubilizing agent; a detergent, e.g., a
non-ionic detergent such as Tween-20, etc.; a protease
inhibitor; glycerol; and the like.

In some 1nstances, the tau peptides 1n a composition of tau
peptides of the present disclosure are homogeneous with
respect to amino acid sequence (e.g., sequence of amino acid
residues without post-translational modification); and
homogenous with respect to phosphorylation. In other cases,
the tau peptides 1n a composition of tau peptides of the
present disclosure are homogeneous with respect to amino
acid sequence; and heterogeneous with respect to phospho-
rylation. For example, from about 2% to about 100% of the
population can include at least one phosphorylated amino
acid residue. For example, from about 2% to about 5%, from
about 5% to about 10%, from about 10% to about 15%, from
about 15% to about 20%, from about 20% to about 25%,
from about 25% to about 30%, from about 30% to about
40%, from about 40% to about 50%, from about 50% to
about 60%, from about 60% to about 70%, from about 70%
to about 80%, from about 80% to about 90%, or from about
90% to 100%, of the tau peptides 1 a population of tau
peptides of the present disclosure that are homogeneous with
respect to amino acid sequence can include one, two, three,
or more than three, phosphorylated amino acid residues
(e.g., phosphorylated serine; phosphorylated threonine).

In some cases, a tau composition of the present disclosure
1s a pharmaceutical composition comprising: a) a tau peptide
ol the present disclosure; and b) a pharmaceutically accept-
able excipient. A pharmaceutical composition of the present
disclosure that comprises: a) a tau peptide of the present
disclosure; and b) a pharmaceutically acceptable excipient
can be a sterile composition. A pharmaceutical composition
ol the present disclosure that comprises: a) a tau peptide of
the present disclosure; and b) a pharmaceutically acceptable
excipient can be a composition that 1s suitable for use 1n
humans. A pharmaceutical composition of the present dis-
closure that comprises: a) a tau peptide of the present
disclosure; and b) a pharmaceutically acceptable excipient
can be endotoxin free.

In some 1nstances, a tau peptide composition comprising,
tau peptide of the present disclosure can comprise a phar-
maceutically acceptable excipient, a variety of which are
known 1n the art and need not be discussed in detail herein.
Pharmaceutically acceptable excipients have been amply
described in a variety ol publications, including, for
example, A. Gennaro (2000) “Remington: The Science and
Practice of Pharmacy™, 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery
Systems (1999) H. C. Ansel et al., eds 77 ed., Lippincott,
Williams, & Wilkins; and Handbook of Pharmaceutical
Excipients (2000) A. H. Kibbe et al., eds. 3" ed. Amer.
Pharmaceutical Assoc.

The pharmaceutically acceptable excipients, such as
vehicles, adjuvants, carriers or diluents, are readily available
to the public. Moreover, pharmaceutically acceptable aux-
iliary substances, such as pH adjusting and bullering agents,
tonicity adjusting agents, stabilizers, wetting agents and the
like, are readily available to the public.
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Pharmaceutically acceptable carriers suitable for use with
a subject tau peptide can include sterile aqueous or non-
aqueous solutions, suspensions, and emulsions. Examples of
non-aqueous solvents are propylene glycol, polyethylene
glycol, vegetable oils such as olive o1l, and 1injectable
organic esters such as ethyl oleate. Aqueous carriers include
water, alcoholic/aqueous solutions, emulsions or suspen-
sions, and microparticles, including saline and builered
media. Parenteral vehicles include sodium chloride solution,
Ringer’s dextrose, dextrose and sodium chloride, lactated
Ringer’s or fixed oils. Intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as those
based on Ringer’s dextrose), and the like. A composition
comprising a subject tau peptide can also be lyophilized
using means well known 1n the art, for subsequent recon-
stitution and use according to the present disclosure.

A subject tau peptide can be formulated into pharmaceu-
tical compositions by combination with appropriate, phar-
maceutically acceptable carriers or diluents, and may be
formulated 1nto preparations 1n solid, semi-solid, liquid or
gaseous forms, such as tablets, capsules, powders, granules,
ointments, solutions, inhalants, and aerosols.

For oral preparations, a subject tau peptide can be used
alone or 1n combination with appropriate additives to make
tablets, powders, granules or capsules, for example, with
conventional additives, such as lactose, mannitol, corn
starch or potato starch; with binders, such as crystalline
cellulose, cellulose derivatives, acacia, corn starch or gela-
tins; with disintegrators, such as corn starch, potato starch or
sodium carboxymethylcellulose; with lubricants, such as
talc or magnesium stearate; and 1f desired, with diluents,
buflering agents, moisteming agents, preservatives and fla-
voring agents.

A subject tau peptide can be formulated 1nto preparations
for injection by dissolving, suspending or emulsiiying them
1n an aqueous or nonaqueous solvent, such as vegetable or
other stmilar oils, synthetic aliphatic acid glycerides, esters
of higher aliphatic acids or propylene glycol; and 11 desired,
with conventional additives such as solubilizers, i1sotonic
agents, suspending agents, emulsifying agents, stabilizers
and preservatives.

Pharmaceutical compositions comprising a subject tau
peptide are prepared by mixing the tau peptide having the
desired degree of purity with optional physiologically
acceptable carriers, excipients, stabilizers, surfactants, bui-
fers and/or tonicity agents. Acceptable carriers, excipients
and/or stabilizers are nontoxic to recipients at the dosages
and concentrations employed, and include buflers such as
phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid, glutathione, cysteine, methionine
and citric acid; preservatives (such as ethanol, benzyl alco-
hol, phenol, m-cresol, p-chlor-m-cresol, methyl or propyl
parabens, benzalkonium chloride, or combinations thereot);
amino acids such as arginine, glycine, ornithine, lysine,
histidine, glutamic acid, aspartic acid, 1soleucine, leucine,
alanine, phenylalanine, tyrosine, tryptophan, methionine,
serine, proline and combinations thereof; monosaccharides,
disaccharides and other carbohydrates; low molecular
weight (less than about 10 residues) polypeptides; proteins,
such as gelatin or serum albumin; chelating agents such as
EDTA; sugars such as trechalose, sucrose, lactose, glucose,
mannose, maltose, galactose, fructose, sorbose, raflinose,
glucosamine, N-Methylglucosamine, galactosamine, and
neuraminic acid; and/or non-ionic surfactants such as

Tween, Briy Pluronics, Triton-X or polyethylene glycol
(PEG).
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A subject tau peptide pharmaceutical composition may be
in a liqmd form, a lyophilized form or a liguid form
reconstituted from a Iyophilized {form, wherein the
lyophilized preparation 1s to be reconstituted with a sterile
solution prior to administration. The standard procedure for
reconstituting a lyophilized composition 1s to add back a
volume of pure water (typically equivalent to the volume
removed during lyophilization); however solutions compris-
ing antibacterial agents may be used for the production of
pharmaceutical compositions for parenteral administration;
see also Chen (1992) Drug Dev Ind Pharm 18, 1311-54.

The concentration of a subject tau peptide 1n a pharma-
ceutical composition can range from about 0.5 mg/mL to
about 1 mg/mL, from about 1 mg/mL to about 200 mg/ml,
from about 50 mg/mL to about 200 mg/mL, or from about
150 mg/mlL to about 200 mg/mlL.

An aqueous formulation of a subject tau peptide may be
prepared in a pH-buflered solution, e.g., at pH ranging from
about 4.0 to about 7.0, or from about 5.0 to about 6.0, or
alternatively about 5.5. Examples of buflers that are suitable
for a pH within this range include phosphate-, histidine-,
citrate-, succinate-, acetate-builers and other organic acid
buflers. The bufler concentration can be from about 1 mM
to about 100 mM, or from about 5 mM to about 50 mM,
depending, e.g., on the bufler and the desired tonicity of the
formulation.

A tonicity agent may be included in the tau peptide
formulation to modulate the tonicity of the formulation.
Exemplary tonicity agents include sodium chloride, potas-
sium chloride, glycerin and any component from the group
of amino acids, sugars as well as combinations thereof. In
some embodiments, the aqueous formulation is 1sotonic,
although hypertonic or hypotonic solutions may be suitable.
The term “isotonic” denotes a solution having the same
tonicity as some other solution with which 1t 1s compared,
such as physiological salt solution or serum. Tonicity agents
may be used 1n an amount of about 5 mM to about 350 mM,
e.g., in an amount of 100 mM to 350 nM.

A surfactant may also be added to the tau peptide formu-
lation to reduce aggregation of the formulated peptide and/or
minimize the formation of particulates in the formulation
and/or reduce adsorption. Exemplary surfactants include
polyoxyethylensorbitan fatty acid esters (Tween), polyoxy-
cthylene alkyl ethers (Bri), alkylphenylpolvoxyethylene
cthers (Triton-X), polyoxyethylene-polyoxypropylene copo-
lymer (Poloxamer, Pluronic), and sodium dodecyl sulfate
(SDS). Examples of suitable polyoxyethylenesorbitan-fatty
acid esters are polysorbate 20, (sold under the trademark
Tween 20™) and polysorbate 80 (sold under the trademark
Tween 80™), Examples of suitable polyethylene-polypro-
pyvlene copolymers are those sold under the names
Pluronic® F68 or Poloxamer 188™., Examples of suitable
Polyoxyethylene alkyl ethers are those sold under the trade-
mark Briy™. Exemplary concentrations of surfactant may
range from about 0.001% to about 1% w/v.

A lyoprotectant may also be added 1n order to protect the
labile active ingredient (e.g. a protein) against destabilizing
conditions during the lyophilization process. For example,
known lyoprotectants include sugars (including glucose and
sucrose); polyols (including mannitol, sorbitol and glyc-
erol); and amino acids (including alanine, glycine and glu-
tamic acid). Lyoprotectants can be included in an amount of
about 10 mM to 500 nM.

In some embodiments, a subject formulation includes a
subject tau peptide, and one or more of the above-identified
agents (e.g., a surfactant, a bufler, a stabilizer, a tonicity
agent) and 1s essentially free of one or more preservatives,
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such as ethanol, benzyl alcohol, phenol, m-cresol, p-chlor-
m-cresol, methyl or propyl parabens, benzalkonium chlo-
ride, and combinations thereof. In other embodiments, a
preservative 1s included 1n the formulation, e.g., at concen-
trations ranging from about 0.001 to about 2% (w/v).

A subject tau peptide can be utilized 1n aerosol formula-
tion to be administered via inhalation. A subject tau peptide
can be formulated into pressurized acceptable propellants
such as dichlorodifluoromethane, propane, nitrogen and the
like.

Unit dosage forms for oral or rectal administration such as
syrups, elixirs, and suspensions may be provided wherein
cach dosage unit, for example, teaspoontul, tablespoontul,
tablet or suppository, contains a predetermined amount of
the composition containing one or more inhibitors. Simi-
larly, unit dosage forms for injection or intravenous admin-
1stration may comprise a subject tau peptide 1n a composi-
tion as a solution 1n sterile water, normal saline or another
pharmaceutically acceptable carrier.

The term “umit dosage form,” as used herein, refers to
physically discrete units suitable as unitary dosages for
human subjects and non-human amimal subjects, each umit
containing a predetermined quantity of a subject tau peptide,
calculated 1n an amount suflicient to produce the desired
eflect 1 association with a pharmaceutically acceptable
diluent, carrier or vehicle.

Intranasal formulations will usually include vehicles that
neither cause 1rritation to the nasal mucosa nor significantly
disturb ciliary function. Diluents such as water, aqueous
saline or other known substances can be employed. The
nasal formulations may also contain preservatives such as,
but not limited to, chlorobutanol and benzalkonium chlo-
ride. A surfactant may be present to enhance absorption of
the subject tau peptide by the nasal mucosa.

A subject tau peptide can be administered as an injectable
tformulation. Typically, injectable compositions are prepared
as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid vehicles prior to 1njec-
tion may also be prepared. The preparation may also be
emulsified, or the peptide may be encapsulated in liposome
vehicles.

In some cases, a subject tau peptide 1s formulated 1n a
controlled release formulation. Sustained-release prepara-
tions may be prepared using methods well known 1n the art.
Suitable examples of sustained-release preparations include
semipermeable matrices of solid hydrophobic polymers con-
taining the tau peptide in which the matrices are in the form
of shaped articles, e.g. films or microcapsules. Examples of
sustained-release matrices include polyesters, copolymers of
L-glutamic acid and ethyl-L-glutamate, non-degradable eth-
ylene-vinyl acetate, hydrogels, polylactides, degradable lac-
tic acid-glycolic acid copolymers and poly-D-(-)-3-hy-
droxybutyric acid.

Liposomes can be used as a delivery vehicle. The lipids
may be any useful combiation of known liposome forming,
lipids, including cationic or zwitterionic lipids, such as
phosphatidylcholine. The remaining lipid will normally
include neutral or acidic lipids, such as cholesterol, phos-
phatidyl serine, phosphatidyl glycerol, and the like.

For preparing the liposomes, the procedure described by
Kato et al (1991) JI. Biol. Chem. 266:3361 may be used.
Briefly, lipids and composition containing a subject peptide
are combined 1n an appropriate aqueous medium, conve-
niently a saline medium where the total solids will be 1n the
range of about 1-10 weight percent. After intense agitation
tor short periods of time, from about 5-60 seconds, the tube
1s placed 1n a warm water bath, from about 25-40° C. and
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this cycle repeated from about 3-10 times. The composition
1s then sonicated for a convenient period of time, generally
from about 1-10 sec. and may be further agitated by vor-
texing. The volume 1s then expanded by adding aqueous
medium, generally increasing the volume by about from 1-2
told, followed by shaking and cooling. This method allows
for the incorporation mto the lumen of high molecular
weight molecules.

Immunogenic Compositions

As noted above, in some cases, a subject tau peptide
composition 1S an 1mmunogenic composition. A subject
1mmun0gen1c composition comprlses a) a subject tau pep-
tide 1n an immunologically effective amount; and b) a
pharmaceutically acceptable excipient. Immunogenic com-
positions can be provided in a pharmaceutically acceptable
excipient, which can be a solution such as a sterile aqueous
solution, e.g., a saline solution. Such excipients can be
substantially inert, 11 desired. Suitable excipients include
those listed above.

By “immunologically effective amount™ 1s meant that the
administration of that amount to an individual, either in a
single dose, as part of a series of the same or different
Immunogenic compositions, 1s effective to elicit an immune
response (e.g., a specific antibody response) to a subject tau
peptide 1n the individual.

In some cases, a tau peptide 1n a subject immunogenic
composition can be bound, covalently or non-covalently, to
a carrier, as described above.

An 1mmunogenic composition comprising a subject tau
peptide can include an adjuvant. Suitable adjuvants include
those suitable for use i humans. Examples of known
suitable adjuvants that can be used in humans include, but
are not necessarily limited to, alum, aluminum phosphate,
aluminum hydroxide, MF59 (4.3% w/v squalene, 0.5% w/v
polysorbate 80 (Tween 80), 0.5% w/v sorbitan trioleate
(Span 83)), a CpG-containing nucleic acid (where the cyto-
sine 1s unmethylated), QS21 (saponin adjuvant), MPL
(Monophosphoryl Lipid A), 3DMPL (3-O-deacylated
MPL), extracts from Aquilla, ISCOMS (see, e.g., Sjolander
et al. (1998) J. Leukocyte Biol. 64:713), LT/CT mutants,
poly(D,L-lactide-co-glycolide) (PLG) microparticles, Quil
A, interleukins, and the like.

For veterinary applications including but not limited to
ammal experimentation, one can use Freund’s, N-acetyl-
muramyl-L-threonyl-D-1soglutamine (thr-MDP), N-acetyl-
nor-muramyl-L-alanyl-D-1soglutamine  (CGP 11637,
referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-1s0-
glutaminyl-L-alamine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hy-
droxyphosphoryloxy)-ethylamine (CGP 19835A, referred to
as MTP-PE), and RIBI, which contains three components
extracted from bacteria, monophosphoryl lipid A, trehalose
dimycolate and cell wall skeleton (MPL+TDM+CWS) 1n a
2% squalene/Tween 80 emulsion.

Further exemplary adjuvants to enhance efiectiveness of
the composition include, but are not limited to: (1) oil-1n-
water emulsion formulations (with or without other specific
immunostimulating agents such as muramyl peptides (see
below) or bacterial cell wall components), such as for
example (a) MF59™ (W(090/14837; Chapter 10 1n Vaccine
design: the subunit and adjuvant approach, eds. Powell &
Newman, Plenum Press 1995), containing 5% Squalene,
0.5% Tween 80 (polyoxyethylene sorbitan mono-oleate),
and 0.5% Span 85 (sorbitan trioleate) (optionally containing
muramyl tri-peptide covalently linked to dipalmitoyl phos-
phatidylethanolamine (MTP-PE)) formulated into submi-
cron particles using a microfluidizer, (b) SAF, containing
10% Squalane, 0.4% Tween 80, 5% pluronic-blocked poly-
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mer LL121, and thr-MDP either microfluidized into a submi-
cron emulsion or vortexed to generate a larger particle size
emulsion, and (¢) RIBI™ adjuvant system (RAS), (Ribi
Immunochem, Hamilton, Mont.) containing 2% Squalene,
0.2% Tween 80, and one or more bacterial cell wall com-

ponents such as monophosphorylipid A (MPL), trehalose
dimycolate (TDM), and cell wall skeleton (CWS), e.g.,

MPL+CWS (DETOX™); (2) saponin adjuvants, such as
QS21 or STIMULON™ (Cambridge Bioscience, Worcester,
Mass.) may be used or particles generated therefrom such as
ISCOMs (immunostimulating complexes), which ISCOMS
may be devoid of additional detergent e.g. WO 00/07621;
(3) Complete Freund’s Adjuvant (CFA) and Incomplete
Freund’s Adjuvant (IFA); (4) cytokines, such as interleukins
(e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12 (WO99/
44636), etc.), interferons (e.g. gamma 1nterferon), macro-
phage colony stimulating factor (M-CSF), tumor necrosis
factor (TNF), other TNF superfamily molecules (e.g.,
CH40L, OX40L, and the like), etc.; (5) monophosphoryl
liptd A (MPL) or 3-O- deacylated MPL (3dMPL) e.g.
(GB-2220221, EP-A-0689454, optionally 1n the substantial
absence of alum when used with pneumococcal saccharides
c.g. WOO00/56358; (6) combinations of 3dMPL with, for
example, QS21 and/or oil-in-water emulsions e.g. EP-A-
0835318, EP-A-0733898, EP-A-0761231; (7) oligonucle-
otides comprising CpG motils (Krieg Vaccine 2000, 19,
618-622), e.g., containing at least one CG dinucleotide,
where the cytosine 1s unmethylated; (8) a polyoxyethylene
cther or a polyoxyethylene ester e.g. W0O99/52549; (9) a
polyoxyethylene sorbitan ester surfactant in conlbination
with an octoxynol (WOO01/21207) or a polyoxyethylene
alkyl ether or ester surfactant 1n combination with at least
one additional non-ionic surfactant such as an octoxynol
(WOO01/21132); (10) a sapomin and an immunostimulatory
oligonucleotide (e.g. a CpG oligonucleotide) (WOO00/
62800); (11) an immunostimulant and a particle of metal salt

c.g. WO00/23105; (12) a saponin and an oil-in-water emul-
sion e.g. W0O99/11241; (13) a saponin (e.g. QS21)+3dMPL+
IM2 (optionally+a sterol) e.g. WQO98/576359; (14) other
substances that act as immunostimulating agents to enhance
the efficacy of the composition. Muramyl peptides include
N-acetyl-muramyl-L-threonyl-D-1soglutamine (thr-MDP),
N-25 acetyl-normuramyl-L-alanyl-D-1soglutamine (nor-
MDP), N-acetylmuramyl-L-alanyl-D-1soglutarninyl-L-ala-
nine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxyphosphory-
loxy)-ethylamine MTP-PE), etc. In some instances, the
adjuvant 1s one that 1s suitable for use 1n humans.

An 1mmunogenic composition comprising a tau peptide
of the present disclosure may contain other components,
such as pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum, cellulose,
glucose, sucrose, magnesium, carbonate, and the like. The
compositions may contain pharmaceutically acceptable aux-
iliary substances as required to approximate physiological
conditions such as pH adjusting and buflering agents, tox-
icity adjusting agents and the like, for example, sodium
acetate, sodium chloride, potasstum chloride, calcium chlo-
ride, sodium lactate and the like.

Methods of Generating an Immune Response

The present disclosure provides methods of generating an
immune response 1n an individual to a subject tau peptide.
The methods generally mnvolve administering to an indi-
vidual an amount of a subject tau peptide that 1s eflective to
stimulate an 1mmune response in the individual to the
peptide. Generating an immune response 1n an mdividual to
a subject tau peptide can result in one or more of: reduction

in the amount of free extracellular tau peptide in brain tissue;
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reduction 1n the cell-to-cell spread (e.g., neuron-to-neuron
spread) of tau peptides; reduction in the amount of tau
aggregates (e.g., intracellular (e.g., intraneuronal) tau aggre-
gates); and reduction in the amount of neurofibrillary tangles
in brain tissue. Generating an immune response in an
individual to a subject tau peptide can in some cases improve
cognitive function in the individual, or at least reduce the
rate of decline of cognitive function 1n the individual.

In some cases, a method of generating an i1mmune
response 1n an 1ndividual to a subject tau peptide reduces the
amount of free extracellular tau peptide (e.g., the amount of
free extracellular tau peptide 1n a brain tissue) by at least
about 10%, at least about 20%, at least about 25%, at least
about 50%, or more than 50%, compared to the amount of
free extracellular tau peptide 1n the individual before admin-
istration with a subject tau peptide.

In some cases, a method of generating an i1mmune
response 1n an 1ndividual to a subject tau peptide reduces the
cell-to-cell (e.g., neuron-to-neuron) spread of a tau peptide
(e.g., a pathological tau peptide) by at least about 10%, at
least about 20%, at least about 25%, at least about 50%, or
more than 50%, compared to the cell-to-cell spread before
administration with a subject tau peptide.

In some cases, a method of generating an i1mmune
response 1n an 1ndividual to a subject tau peptide reduces the
amount of tau aggregates (e.g., intracellular (e.g., intraneu-
ronal) tau aggregates) by at least about 10%, at least about
20%, at least about 25%, at least about 50%, or more than
50%, compared to the amount of tau aggregates before
administration with a subject tau peptide.

In some cases, a method of generating an i1mmune
response 1n an individual to a subject tau peptide reduces
neurotoxicity 1n an individual; and/or reduces neurointlam-
mation 1n an individual; and/or reduces activation of astro-
cytes and microglia; and/or reduces induction of pathologi-
cal electrophysiological efects; and/or reduces the amount
of tau 1n exosomes.

A tau peptide of the present disclosure can be adminis-
tered to an individual 1 a formulation comprising the
peptide and a pharmaceutically acceptable excipient. Phar-
maceutical formulations comprising a subject tau peptide are
described above and are suitable for use 1n a subject method
of generating an 1mmune response. For example, 1n some
cases, an 1mmunogenic composition comprising a subject
tau peptide, as described above, 1s administered to an
individual.

A tau peptide-containing immunogenic composition 1s
generally administered in an amount effective to elicit an
immune response, €.2., a humoral immune response, €.g.,
specific antibody response, in the host. Amounts for immu-
nization will vary, and can range from about 1 ug to 100 ug
per 70 kg patient, e.g., from 5 ug/70 kg to 350 ug/70 kg.
Substantially higher dosages (e.g. 10 mg to 100 mg or more)
may be suitable 1n oral, nasal, or topical administration
routes. The mitial administration can be followed by one or
more booster immunizations of the same or different tau-
containing 1mmunogenic composition. Vaccination can
involve at least one booster, or two or more boosters.

In general immunization can be accomplished by admin-
istration by any suitable route, including administration of
the composition orally, nasally, nasopharyngeally, parenter-
ally, enterically, gastrically, topically, transdermally, subcu-
taneously, mtramuscularly, locally or systemically, where
the immunogenic composition 1s 1n tablet, solid, powdered,
liquid, aerosol form, with or without added excipients, and
with or without an adjuvant. Actual methods for preparing
enterally and parenterally administrable compositions are
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known to those skilled 1n the art and are described 1n more
detail in such publications as Remington’s Pharmaceutical
Science, 15th ed., Mack Publishing Company, Easton, Pa.
(1980).

An anti-tau 1mmune response (e.g., an antibody response
specific for a subject tau peptide) can be assessed by known
methods (e.g. by obtaining serum from the individual before
and after the mitial immunization, and demonstrating a
change in the individual’s immune status, for example an
immunoprecipitation assay, an enzyme-linked immunosor-
bent assay (ELISA), a Western blot, a tlow cytometric assay,
and the like).

Individuals 1n whom an immune response to a subject tau
peptide may be desirable include imndividuals who have been
diagnosed as having a tauopathy; individuals at greater risk
than the general population for developing a tauopathy (e.g.,
individuals having a genetic predisposition to developing a
tauopathy); and the like. In some cases, the individual 1s an
adult human. In some cases, the adult human 1s 40 years of
age or older, 50 years of age or older, 60 years of age or
older, 70 years of age or older, or 80 years of age or older.
For example, the adult human can be from 40 years old to
50 years old, from 50 years old to 60 years old, from 60
years old to 70 years old, or older than 70 years.
Antibodies

The present disclosure provides antibodies, e.g., 1solated
antibodies, specific for an eTau polypeptide, e.g., an eTau
polypeptide of the present disclosure. An antibody of the
present disclosure 1s also referred to as an ““anti-tau anti-
body” or an “‘anti-eTau antibody.” A subject anti-tau anti-
body finds use 1n various applications, including detection
methods, diagnostic methods, and therapeutic methods. An
anti-Tau antibody of the present disclosure binds extracel-
lular tau. “Extracellular tau” (*e¢Tau™), as used herein,
encompasses any lau polypeptide that can be detected 1n
cerebrospinal tluid (CSF) or interstitial fluid (ISF).

In some cases, an anti-Tau antibody of the present dis-
closure binds soluble Tau polypeptide (e.g., a soluble eTau
polypeptide of the present disclosure). In some cases, an
anti-Tau antibody of the present disclosure binds soluble Tau
polypeptide (e.g., a soluble eTau polypeptide of the present
disclosure); and does not substantially bind aggregated Tau
polypeptide. In some cases, an anti-Tau antibody of the
present disclosure binds a linear epitope on a soluble Tau
polypeptide (e.g., a soluble eTau polypeptide of the present
disclosure). In some cases, an anti-Tau antibody of the
present disclosure binds a neoepitope; for example, 1n some
cases, the epitope recognized and bound by a subject anti-
Tau antibody 1s not present in full-length Tau, but 1s gener-
ated upon cleavage of a Tau polypeptide to produce an
extracellular Tau polypeptide. The neoepitope can be 1n a
C-terminal region of the Tau polypeptide, or 1n an N-termi-
nal region of the Tau polypeptide.

The present disclosure provides an 1solated antibody that
specifically binds an epitope within an eTau polypeptide of
the present disclosure. The present disclosure provides an
1solated monoclonal antibody that specifically binds an
epitope within an €Tau polypeptide of the present disclosure.
The present disclosure provides an 1solated humanized
monoclonal antibody that specifically binds an epitope
within an eTau polypeptide of the present disclosure.

The present disclosure provides an 1solated antibody that
specifically binds an epitope within an eTau-1 polypeptide
of the present disclosure. An “eTau-1 polypeptide” includes,
¢.g., an elau 2-166 polypeptide as depicted 1n FIG. 1A; an
c¢Tau 2-172 polypeptide as depicted 1n FIG. 1A; and an eTau
2-176 polypeptide as depicted in FIG. 1A. The present
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disclosure provides an isolated monoclonal antibody that
specifically binds an epitope within an eTau-1 polypeptide
of the present disclosure. The present disclosure provides an
1solated humanized monoclonal antibody that specifically
binds an epitope within an eTau-1 polypeptide of the present
disclosure. In some cases, an 1solated antibody of the present
disclosure binds an €Tau-1 polypeptide; and does not bind an
c¢Tau-2 polypeptide, an eTau-3 polypeptide, or an ¢Tau-4
polypeptide. In some cases, an 1solated antibody of the
present disclosure binds an eTau-1 polypeptide, an eTau-2
polypeptide, an eTau-3 polypeptide, and an eTau-4 polypep-
tide.

The present disclosure provides an 1solated antibody that
specifically binds an epitope within an eTau-2 polypeptide
of the present disclosure. The present disclosure provides an
isolated monoclonal antibody that specifically binds an
epitope within an eTau-2 polypeptide of the present disclo-
sure. The present disclosure provides an 1solated humanized
monoclonal antibody that specifically binds an epitope
within an eTau-2 polypeptide of the present disclosure. In
some cases, an 1solated antibody of the present disclosure
binds an eTau-2 polypeptide; and does not bind an eTau-1
polypeptide, an eTau-3 polypeptide, or an €lau-4 polypep-
tide. In some cases, an isolated antibody of the present
disclosure binds an eTau-1 polypeptide, an eTau-2 polypep-
tide, an eTau-3 polypeptide, and an eTau-4 polypeptide.

The present disclosure provides an 1solated antibody that
specifically binds an epitope within an eTau-3 polypeptide
of the present disclosure. The present disclosure provides an
isolated monoclonal antibody that specifically binds an
epitope within an eTau-3 polypeptide of the present disclo-
sure. The present disclosure provides an 1solated humanized
monoclonal antibody that specifically binds an epitope
within an eTau-3 polypeptide of the present disclosure. In
some cases, an 1solated antibody of the present disclosure
binds an eTau-3 polypeptide; and does not bind an eTau-1
polypeptide, an eTau-2 polypeptide, or an €lau-4 polypep-
tide. In some cases, an isolated antibody of the present
disclosure binds an eTau-1 polypeptide, an eTau-2 polypep-
tide, an eTau-3 polypeptide, and an eTau-4 polypeptide.

The present disclosure provides an 1solated antibody that
specifically binds an epitope within an eTau-4 polypeptide
of the present disclosure. The present disclosure provides an
1solated monoclonal antibody that specifically binds an
epitope within an eTau-4 polypeptide of the present disclo-
sure. The present disclosure provides an 1solated humanized
monoclonal antibody that specifically binds an epitope
within an eTau-4 polypeptide of the present disclosure. In
some cases, an 1solated antibody of the present disclosure
binds an eTau-4 polypeptide; and does not bind an eTau-1
polypeptide, an eTau-2 polypeptide, or an €lau-3 polypep-
tide. In some cases, an isolated antibody of the present
disclosure binds an eTau-1 polypeptide, an eTau-2 polypep-
tide, an eTau-3 polypeptide, and an eTau-4 polypeptide.

In some cases, an antibody specific for a subject tau
peptide specifically binds an acetylated form of the tau
peptide and does not substantially bind an unacetylated form
of the peptide. In other cases, an antibody specific for a
subject tau peptide specifically binds an unacetylated form
of the peptide.

A subject anti-tau antibody can recognize a linear epitope
in a tau peptide of the present disclosure, or can recognize
a conformational epitope. In some cases, the epitope recog-
nized by a subject anti-tau antibody 1s a linear epitope.

In some cases, a subject anti-tau antibody 1s a monoclonal
antibody. In some cases, a subject anti-tau antibody 1s an
antibody fragment, e.g., an Fab, an Fab', an F(ab'),, a Fv
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fragment, a diabody, a linear antibody, a single-chain anti-
body, or other fragment capable of binding a subject tau
peptide.

In some cases, an antibody that binds an epitope within
amino acids 2-18 1s specifically excluded. In some embodi-
ments, an antibody that binds an epitope within 15-24 1s
specifically excluded. In some embodiments, an antibody
that binds an epitope within amino acids 5-20 1s specifically
excluded. In some embodiments, an antibody that binds an
epitope within amino acids 19-46 1s specifically excluded.
The amino acid numbering 1s based on the numbering of
fetal Tau and of the eTau fragments depicted in FIGS. 1A
and 1B.

In some cases, a Taul2 antibody (Ghoshal et al. (2002)
Exp. Neurobiol. 177:475) 1s specifically excluded. In some
cases, a Taul3 antibody (Garcia-Sierra et al. (2003) J. Alz.
Dis. 5:65) 1s specifically excluded. In some cases, a TNT1
antibody (Kanaan et al. (2011) J. Neurosci. 31:9859) 1s
specifically excluded. In some cases, a SA6 antibody (John-
son et al. (1997). J. Neurochemistry 68(1):430-433) 1s
specifically excluded. In some cases, a HI9.4 antibody
(Yanamandra et al. (2013) Neuron 80:402) 1s specifically
excluded. In some embodiments, an HT7 antibody 1s spe-
cifically excluded. In some embodiments, a 6C10 antibody
(US 2012/0183599) 1s specifically excluded.

The term “competes for binding” refers to the ability of a
first antibody to inhibit binding of a second antibody to an
epitope of an antigen. Where a first antibody does not
compete with a second antibody for binding to an epitope,
it can be considered that the first antibody does not bind the
same epitope as the second antibody. Where a first antibody
competes with a second antibody for binding to an epitope,
it can be considered that the first antibody binds the same,
or an overlapping, epitope as the second antibody. In some
cases, where a first antibody competes with a second anti-
body for binding to an epitope, the second antibody does not
bind to the epitope at a detectable level in the presence of the
first antibody.

Assays for competitive binding are known 1n the art. For
example, a competitive inhibition ELISA can be used. As an
example, an antigen that includes an epitope that 1s recog-
nized by a first antibody 1s immobilized on wells of a
multi-well plate; the first antibody, which comprises a first
detectable label, 1s allowed to bind the immobilized antigen,
forming an immobilized antigen-first antibody complex; and
a second antibody, which comprises a second detectable
label (which second detectable label 1s distinguishable from
the first detectable label), 1s contacted with the immobilized
antigen-first antibody complex. Whether the second anti-
body competitively inhibits binding of the first antibody to
the epitope recognized by the first antibody can be deter-
mined by detecting binding of the second antibody to the
immobilized antigen (detected by the second detectable
label), and reduction of binding of the first antibody (de-
tected by reduction of the first detectable label).
[7295-M6]

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an elau poly-
peptide of the present disclosure) wherein the antibody
competes for binding to the epitope with an antibody that
comprises light chain CDRs of an antibody light chain
variable region comprising amino acid sequence SEQ 1D
NO:15 and heavy chain CDRs of an antibody heavy chain
variable region comprising amino acid sequence SEQ 1D
NO:16. In some cases, the antibody 1s humamzed. For
example, 1 some cases, the antibody comprises a human-
ized light chain framework region. In some instances, the
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antibody comprises a humanized heavy chain framework
region. In some cases, the antibody comprises a humanized
light chain framework region and a humanized heavy chain
framework region. In some cases, the antibody comprises a
heavy chain constant region of the isotype IgGl, IgG2,
IgG3, or IgG4. In some cases, the antibody 1s an antibody
fragment, e.g., a Fab fragment, a F(ab'), fragment, a scFv, or
a Fv. In some instances, the antibody binds an eTaul
polypeptide, and does not bind an eTau2, an €lau3, or an
cTaud polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an eTau poly-
peptide of the present disclosure) wherein the antibody
comprises a light chain comprising light chain CDRs of an
antibody light chain variable region comprising amino acid
sequence SEQ 1D NO:15. The present disclosure provides
an 1solated antibody that binds an epitope 1n a Tau polypep-
tide (e.g., an eTlau polypeptide of the present disclosure)
wherein the antibody comprises a heavy chain comprising
heavy chain CDRs of an antibody heavy chain variable
region comprising amino acid sequence SEQ ID NO:16. The
present disclosure provides an 1solated antibody that binds
an epitope 1n a Tau polypeptide (e.g., an eTau polypeptide of
the present disclosure) wherein the antibody comprises light
chain CDRs of an antibody light chain variable region
comprising amino acid sequence SEQ ID NO:15 and heavy
chain CDRs of an antibody heavy chain varnable region
comprising amino acid sequence SEQ ID NO:16. In some
cases, the antibody 1s humanized. For example, 1n some
cases, a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the antibody
comprises a heavy chain constant region of the 1sotype IgGl,
IeG2, 1gG3, or IgG4. In some cases, the antibody 1s an
antibody fragment, e.g., a Fab fragment, a F(ab'), fragment,
a scFv, or a Fv. In some instances, the antibody binds an
c¢Taul polypeptide, and does not bind an eTau2, an eTau3, or
an eTaud polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated antibody that
competes for binding to an epitope 1 a Tau polypeptide
(e.g., an ¢Tau polypeptide of the present disclosure) with an
antibody that comprises: a) a light chain region comprising:
1)a V, CDR1 comprising an amino acid sequence of SEQ ID
NO:9; (1) a V,; CDR2 comprising an amino acid sequence
of SEQ ID NO:10; and (111) a V, CDR3 comprising an amino
acid sequence of SEQ ID NO:11; and b) a heavy chain
region comprising: (1) a VvV, CDRI1 comprising an amino acid
sequence of SEQ ID NO:12; (11) a V,, CDR2 comprising an
amino acid sequence of SEQ ID NO:13; and (111) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:14. In
some cases, the antibody 1s humanized. For example, 1n
some cases, the antibody comprises a humanized light chain
framework region. In some instances, the antibody com-
prises a humanized heavy chain framework region. In some
cases, the antibody comprises a humanized light chain
framework region and a humanized heavy chain framework
region. In some cases, the light chain region and the heavy
chain region are present 1n separate polypeptides. In some
cases, the light chain region and the heavy chain region are
present 1n a single polypeptide. In some cases, the heavy
chain region 1s of the 1sotype I1gG1, 1gG2, 1gG3, or IgG4. In
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some cases, the heavy chain region 1s of the 1sotype IgG4.
In some of these embodiments, the hinge region comprises
an S241P substitution. See, e.g., Angal et al. (1993) Mol.
Immunol. 30:105. In some cases, the antibody 1s a Fv, scFv,
Fab, F(ab')2, or Fab'. In some cases, the antibody comprises
a covalently linked non-peptide synthetic polymer, e.g., a
poly(ethylene glycol) polymer. In some cases, the antibody
1s fused, directly or via a linker, to a carrier molecule, a
peptide or a protein that promotes the crossing of the
blood-brain barrier. In some cases, the 1solated antibody
binds a Tau polypeptide with a dissociation constant (K ) of
1077 M, 107 M, 107" M, 107'° M, or 107 M. In some
instances, the antibody binds an eTaul polypeptide, and
does not bind an eTau2, an eTau3, or an eTaud polypeptide.
In some cases, the antibody binds an epitope within the
amino acid sequence SLPTPPTREPK (SEQ ID NO:77).

The present disclosure provides an 1solated monoclonal
antibody that specifically binds a Tau polypeptide (e.g., an
c¢Tau polypeptide of the present disclosure), wherein the
isolated antibody comprises 1, 2, 3, 4, 5, or 6 of the
following CDRs: 1) a V,; CDRI1 comprising an amino acid
sequence of SEQ ID NO:9; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:10; (u11) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:11; (1v)
aV,, CDRI1 comprising an amino acid sequence of SEQ ID
NO:12; (v) a V, CDR2 comprising an amino acid sequence
of SEQ ID NO:13; and (v1) a V, CDR3 comprising an
amino acid sequence of SEQ ID NO:14. In some cases, the
antibody comprises: 1) a vV, CDR1 comprising an amino acid
sequence of SEQ ID NO:9; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:10; and (111) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:11. In
some cases, the antibody comprises: (1v) a V,, CDR1 com-
prising an amino acid sequence of SEQ ID NO:12; (v)a V4,
CDR2 comprising an amino acid sequence of SEQ ID
NO:13; and (vi1) a V, CDR3 comprising an amino acid
sequence of SEQ ID NO:14. In some cases, the antibody 1s
humanized. For example, 1n some cases, the antibody com-
prises a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the light
chain region and the heavy chain region are present in
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present in a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IgG1, I1gG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S24 1P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K,,) of 100" M, 107®* M, 107° M, 10~'°
M, or 107'" M. In some instances, the antibody binds an
c¢Taul polypeptide, and does not bind an eTau2, an €Tau3, or
an e€Tau4 polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated humanized
monoclonal antibody comprising a humanized light chain
framework region; and a humamzed heavy chain framework
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region, wherein the 1solated antibody specifically binds a
Tau polypeptide (e.g., an eTau polypeptide of the present
disclosure), and wherein the 1solated antibody comprises: a)
a light chain region comprising: 1) a V, CDRI1 comprising an
amino acid sequence of SEQ ID NO:9; (11) a V, CDR2
comprising an amino acid sequence of SEQ ID NO:10; and
(111) a V, CDR3 comprising an amino acid sequence of SEQ
ID NO:11; and b) a heavy chain region comprising: (1) a V;
CDR1 comprising an amino acid sequence of SEQ ID
NO:12; (11) a V,, CDR2 comprising an amino acid sequence
of SEQ ID NO:13; and (1) a V,, CDR3 comprising an
amino acid sequence of SEQ ID NO:14. In some cases, the
light chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present 1n a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IeG1, IgG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S241P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K ) of 100" M, 10~°* M, 10~° M, 10~"°
M, or 107"" M. In some instances, the antibody binds an
c¢Taul polypeptide, and does not bind an €Tau2, an €Tau3, or
an €Tau4 polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77). [7295-MZ&]

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an €lau poly-
peptide of the present disclosure) wherein the antibody
competes for binding the epitope with an antibody that
comprises light chain CDRs of an antibody light chain
variable region comprising amino acid sequence SEQ ID
NO:23 and heavy chain CDRs of an antibody heavy chain
variable region comprising amino acid sequence SEQ ID
NO:24. In some cases, the antibody 1s humanized. For
example, 1n some cases, the antibody comprises a human-
1zed light chain framework region. In some instances, the
antibody comprises a humanized heavy chain framework
region. In some cases, the antibody comprises a humanized
light chain framework region and a humanized heavy chain
framework region. In some cases, the antibody comprises a
heavy chain constant region of the isotype IgGl, IgG2,
IgG3, or IgG4. In some cases, the antibody 1s an antibody
fragment, ¢.g., a Fab fragment, a F(ab'), fragment, a scFv, or
a Fv. In some instances, the antibody binds an eTaul
polypeptide, and does not bind an eTau2, an €lau3, or an
c¢Taud polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an eTau poly-
peptide of the present disclosure) wherein the antibody
comprises a light chain comprising light chain CDRs of an
antibody light chain variable region comprising amino acid
sequence SEQ 1D NO:23. The present disclosure provides
an 1solated antibody that binds an epitope 1n a Tau polypep-
tide (e.g., an elau polypeptide of the present disclosure)
wherein the antibody comprises a heavy chain comprising
heavy chain CDRs of an antibody heavy chain variable
region comprising amino acid sequence SEQ ID NO:24. The
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present disclosure provides an 1solated antibody that binds
an epitope 1n a Tau polypeptide (e.g., an eTau polypeptide of
the present disclosure) wherein the antibody comprises light
chain CDRs of an antibody light chain variable region
comprising amino acid sequence SEQ ID NO:23 and heavy
chain CDRs of an antibody heavy chain variable region
comprising amino acid sequence SEQ ID NO:24. In some
cases, the antibody 1s humanized. For example, 1n some
cases, a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the antibody
comprises a heavy chain constant region of the 1sotype 1gG1,
IgG2, IgG3, or IgG4. In some cases, the antibody 1s an
antibody fragment, e.g., a Fab fragment, a F(ab'), fragment,
a scFv, or a Fv. In some 1instances, the antibody binds an
c¢Taul polypeptide, and does not bind an €Tau2, an €Tau3, or
an e€Tau4 polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated antibody that
competes for binding to an epitope 1 a Tau polypeptide
(e.g., an eTau polypeptide of the present disclosure) with an
antibody that comprises: a) a light chain region comprising:
1) a V,; CDRI1 comprising an amino acid sequence of SEQ ID
NO:17; (1) a V, CDR2 comprising an amino acid sequence
of SEQ ID NO:18; and (1) a V, CDR3 comprising an amino
acid sequence of SEQ ID NO:19; and b) a heavy chain
region comprising: (1) a V,, CDR1 comprising an amino acid
sequence of SEQ ID NO:20; (11) a V,, CDR2 comprising an
amino acid sequence of SEQ ID NO:21; and (111) a V,, CDR3
comprising an amino acid sequence of SEQ ID NO:22. In
some cases, the antibody 1s humanized. For example, 1n
some cases, the antibody comprises a humanized light chain
framework region. In some instances, the antibody com-
prises a humanized heavy chain framework region. In some
cases, the antibody comprises a humanized light chain
framework region and a humanized heavy chain framework
region. In some cases, the light chain region and the heavy
chain region are present in separate polypeptides. In some
cases, the light chain region and the heavy chain region are
present 1n a single polypeptide. In some cases, the heavy
chain region 1s of the 1sotype IgG1, 1gG2, IgG3, or IgG4. In
some cases, the heavy chain region 1s of the 1sotype 1g(G4.
In some of these embodiments, the hinge region comprises
an S241P substitution. See, e.g., Angal et al. (1993) Mol.
Immunol. 30:105. In some cases, the antibody 1s a Fv, scFv,
Fab, F(ab')2, or Fab'. In some cases, the antibody comprises
a covalently linked non-peptide synthetic polymer, e.g., a
poly(ethylene glycol) polymer. In some cases, the antibody
1s fused, directly or via a linker, to a carrier molecule, a
peptide or a protein that promotes the crossing of the
blood-brain barrier. In some cases, the 1solated antibody
binds a Tau polypeptide with a dissociation constant (K ) of
1077 M, 107 M, 107" M, 107'° M, or 107 M. In some
instances, the antibody binds an eTaul polypeptide, and
does not bind an €Tau2, an eTau3, or an eTaud polypeptide.
In some cases, the antibody binds an epitope within the
amino acid sequence SLPTPPTREPK (SEQ ID NO:77).

The present disclosure provides an 1solated monoclonal
antibody that specifically binds a Tau polypeptide (e.g., an
c¢Tau polypeptide of the present disclosure), wherein the
isolated antibody comprises 1, 2, 3, 4, 5, or 6 of the
following CDRs: 1) a V,; CDRI1 comprising an amino acid
sequence of SEQ ID NO:17; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:18; (i) a V,; CDR3
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comprising an amino acid sequence ol SEQ ID NO:19; (1v)
a V., CDRI1 comprising an amino acid sequence of SEQ 1D
NO:20; (v) a V,, CDR2 comprising an amino acid sequence
of SEQ ID NO:21; and (v1) a V, CDR3 comprising an
amino acid sequence of SEQ ID NO:22. In some cases, the
antibody comprises: 1) a V, CDR1 comprising an amino acid
sequence of SEQ ID NO:17; (1) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:18; and (111) a V,; CDR3
comprising an amino acid sequence of SEQ ID NO:19. In
some cases, the antibody comprises: (1v) a V,, CDR1 com-
prising an amino acid sequence of SEQ ID NO:20; (v)a V4,
CDR2 comprising an amino acid sequence of SEQ ID
NO:21; and (v1) a V, CDR3 comprising an amino acid
sequence of SEQ ID NO:22. In some cases, the antibody 1s
humanized. For example, in some cases, the antibody com-
prises a humanized light chain framework region. In some
istances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the light
chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present in a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IeG1, I1gG2, IgG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype 1gG4. In some of these embodiments,
the hinge region comprises an S241P substitution. See, e.g.,
Angal et al. (1993) Mol. Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab')2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K ;) of 107" M, 107° M, 10" M, 10~ '°
M, or 107'" M. In some instances, the antibody binds an
c¢Taul polypeptide, and does not bind an eTau2, an €Tau3, or
an eTau4 polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77).

The present disclosure provides an 1solated humanized
monoclonal antibody comprising a humanized light chain
framework region; and a humanized heavy chain framework
region, wherein the 1solated antibody specifically binds a
Tau polypeptide (e.g., an eTau polypeptide of the present
disclosure), and wherein the 1solated antibody comprises: a)
a light chain region comprising: 1) a V, CDRI1 comprising an
amino acid sequence of SEQ ID NO:17; (1) a V, CDR2
comprising an amino acid sequence of SEQ ID NO:18; and
(111) a V, CDR3 comprising an amino acid sequence of SEQ)
ID NO:19; and b) a heavy chain region comprising: (1) a V,
CDR1 comprising an amino acid sequence of SEQ ID
NO:20; (1) a V,, CDR2 comprising an amino acid sequence
of SEQ ID NO:21; and (1) a V, CDR3 comprising an
amino acid sequence of SEQ ID NO:22. In some cases, the
light chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present in a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IeG1, 1gG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S241P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
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polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K,,) of 100" M, 107®* M, 107° M, 10~'°
M, or 107'" M. In some instances, the antibody binds an
c¢Taul polypeptide, and does not bind an eTau2, an €Tau3, or
an e€Tau4 polypeptide. In some cases, the antibody binds an
epitope within the amino acid sequence SLPTPPTREPK
(SEQ ID NO:77). [7298-M1]

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an €Tau poly-
peptide of the present disclosure) wherein the antibody
competes for binding the epitope with an antibody that
comprises light chain CDRs of an antibody light chain
variable region comprising amino acid sequence SEQ ID
NO:31 and heavy chain CDRs of an antibody heavy chain
variable region comprising amino acid sequence SEQ ID
NO:32. In some cases, the antibody 1s humamzed. For
example, 1 some cases, the antibody comprises a human-
ized light chain framework region. In some instances, the
antibody comprises a humanized heavy chain framework
region. In some cases, the antibody comprises a humanized
light chain framework region and a humanized heavy chain
framework region. In some cases, the antibody comprises a
heavy chain constant region of the isotype IgGl, IgG2,
IgG3, or IgG4. In some cases, the antibody 1s an antibody
fragment, e.g., a Fab fragment, a F(ab'), fragment, a scFv, or
a Fv. In some instances, the antibody binds an eTaul
polypeptide, an eTau2 polypeptide, and an eTau3 polypep-
tide, and does not bind an €Tau4 polypeptide. In some cases,
the antibody binds an epitope within the amino acid
sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an €lau poly-
peptide of the present disclosure) wherein the antibody
comprises a light chain comprising light chain CDRs of an
antibody light chain variable region comprising amino acid
sequence SEQ ID NO:31. The present disclosure provides
an 1solated antibody that binds an epitope 1 a Tau polypep-
tide (e.g., an eTau polypeptide of the present disclosure)
wherein the antibody comprises a heavy chain comprising
heavy chain CDRs of an antibody heavy chain variable
region comprising amino acid sequence SEQ ID NO:32. The
present disclosure provides an 1solated antibody that binds
an epitope 1n a Tau polypeptide (e.g., an eTau polypeptide of
the present disclosure) wherein the antibody comprises light
chain CDRs of an antibody light chain variable region
comprising amino acid sequence SEQ ID NO:31 and heavy
chain CDRs of an antibody heavy chain variable region
comprising amino acid sequence SEQ ID NO:32. In some
cases, the antibody 1s humanized. For example, 1n some
cases, a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the antibody
comprises a heavy chain constant region of the 1sotype 1gG1,
IgG2, 1gG3, or IgG4. In some cases, the antibody 1s an
antibody fragment, e.g., a Fab fragment, a F(ab'), fragment,
a scFv, or a Fv. In some 1instances, the antibody binds an
c¢Taul polypeptide, an eTau2 polypeptide, and an eTau3
polypeptide, and does not bind an eTaud4 polypeptide. In
some cases, the antibody binds an epitope within the amino
acid sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated antibody that
competes for binding to an epitope 1 a Tau polypeptide
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(e.g., an €Tau polypeptide of the present disclosure) with an
antibody that comprises: a) a light chain region comprising:
1) a V, CDRI1 comprising an amino acid sequence of SEQ ID
NO:25; (1) aV, CDR2 comprising an amino acid sequence
of SEQ ID NO:26; and (111) a V, CDR3 comprising an amino
acid sequence of SEQ ID NO:27; and b) a heavy chain
region comprising: (1) a V,, CDR1 comprising an amino acid
sequence of SEQ ID NO:28; (11) a V,, CDR2 comprising an
amino acid sequence of SEQ ID NO:29; and (1) a V,, CDR3
comprising an amino acid sequence of SEQ ID NO:30. In
some cases, the antibody 1s humanized. For example, 1n
some cases, the antibody comprises a humanized light chain
framework region. In some instances, the antibody com-
prises a humanized heavy chain framework region. In some
cases, the antibody comprises a humanized light chain
framework region and a humanized heavy chain framework
region. In some cases, the light chain region and the heavy
chain region are present 1n separate polypeptides. In some
cases, the light chain region and the heavy chain region are
present 1n a single polypeptide. In some cases, the heavy
chain region 1s of the 1sotype I1gG1, 1gG2, 1gG3, or IgG4. In
some cases, the heavy chain region 1s of the 1sotype 1gG4.
In some of these embodiments, the hinge region comprises
an S241P substitution. See, e.g., Angal et al. (1993) Mol.
Immunol 30:105. In some cases, the antibody 1s a Fv, scFv,
Fab, F(ab")2, or Fab'. In some cases, the antibody comprises
a covalently linked non-peptide synthetic polymer, e.g., a
poly(ethylene glycol) polymer. In some cases, the antibody
1s fused, directly or via a linker, to a carrier molecule, a
peptide or a protein that promotes the crossing of the
blood-brain barrier. In some cases, the 1solated antibody
binds a Tau polypeptide with a dissociation constant (K ) of
1007 M, 107 M, 107° M, 107'° M, or 107 M. In some
instances, the antibody binds an eTaul polypeptide, an
c¢Tau2 polypeptide, and an eTau3 polypeptide, and does not
bind an eTaud4 polypeptide. In some cases, the antibody
binds an epitope within the amino acid sequence RIPAK'T-
PPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated monoclonal
antibody that specifically binds a Tau polypeptide (e.g., an
c¢Tau polypeptide of the present disclosure), wherein the
1solated antibody comprises 1, 2, 3, 4, 5, or 6 of the
following CDRs: 1) a V, CDR1 comprising an amino acid
sequence of SEQ ID NO:25; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:26; (11) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:27; (1v)
aV,, CDRI1 comprising an amino acid sequence of SEQ ID
NO:28; (v) a V,, CDR2 comprising an amino acid sequence
of SEQ ID NO:29; and (v1) a V,, CDR3 comprising an
amino acid sequence of SEQ ID NO:30. In some cases, the
antibody comprises: 1) a V, CDR1 comprising an amino acid
sequence of SEQ ID NO:25; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:26; and (111) a V,; CDR3
comprising an amino acid sequence of SEQ ID NO:27. In
some cases, the antibody comprises: (1v) a V, CDR1 com-
prising an amino acid sequence of SEQ ID NO:28; (v)a 'V,
CDR2 comprising an amino acid sequence of SEQ ID
NO:29; and (v1) a V, CDR3 comprising an amino acid
sequence of SEQ ID NO:30. In some cases, the antibody 1s
humanized. For example, 1n some cases, the antibody com-
prises a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the light
chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
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and the heavy chain region are present 1n a single polypep-
tide. In some cases, the heavy chain region is of the 1sotype
IgG1, I1gG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S24 1P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K ) of 107" M, 10~°* M, 10~° M, 10~*°
M, or 10~'" M. In some instances, the antibody binds an
c¢Taul polypeptide, an eTau2 polypeptide, and an eTau3
polypeptide, and does not bind an e¢Taud4 polypeptide. In
some cases, the antibody binds an epitope within the amino
acid sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated humanized
monoclonal antibody comprising a humanized light chain
framework region; and a humamzed heavy chain framework
region, wherein the 1solated antibody specifically binds a
Tau polypeptide (e.g., an eTau polypeptide of the present
disclosure), and wherein the 1solated antibody comprises: a)
a light chain region comprising: 1) a V, CDR1 comprising an
amino acid sequence of SEQ ID NO:25; (1) a V,CDR2
comprising an amino acid sequence ol SEQ ID NO:26; and
(11) a V, CDR3 comprising an amino acid sequence of SEQ)
ID NO:27; and b) a heavy chain region comprising: (1) a V,
CDR1 comprising an amino acid sequence of SEQ ID
NO:28; (1) a V,, CDR2 comprising an amino acid sequence
of SEQ ID NO:29; and (u11) a V,, CDR3 comprising an
amino acid sequence of SEQ ID NO:30. In some cases, the
light chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present in a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IgG1, I1gG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype 1gG4. In some of these embodiments,
the hinge region comprises an S241P substitution. See, e.g.,
Angal et al. (1993) Mol. Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab')2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K ;) of 107" M, 107° M, 10" M, 10~'°
M, or 107" M. In some instances, the antibody binds an
c¢Taul polypeptide, an eTau2 polypeptide, and an eTau3
polypeptide, and does not bind an eTaud4 polypeptide. In
some cases, the antibody binds an epitope within the amino
acid sequence RIPAKTPPAPK (SEQ ID NO:78).

[ 7298-M2]

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an elau poly-
peptide of the present disclosure) wherein the antibody
competes for binding the epitope with an antibody that
comprises light chain CDRs of an antibody light chain
variable region comprising amino acid sequence SEQ 1D
NO:39 and heavy chain CDRs of an antibody heavy chain
variable region comprising amino acid sequence SEQ 1D
NO:40. In some cases, the antibody 1s humamzed. For
example, 1 some cases, the antibody comprises a human-
ized light chain framework region. In some instances, the
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antibody comprises a humanized heavy chain framework
region. In some cases, the antibody comprises a humanized
light chain framework region and a humanized heavy chain
framework region. In some cases, the antibody comprises a
heavy chain constant region of the isotype IgGl, IgG2,
IgG3, or IgG4. In some cases, the antibody 1s an antibody
fragment, e.g., a Fab fragment, a F(ab'), fragment, a scFv, or
a Fv. In some instances, the antibody binds an eTaul
polypeptide, an eTau2 polypeptide, and an e€Tau3 polypep-
tide, and does not bind an €Tau4 polypeptide. In some cases,
the antibody binds an epitope within the amino acid
sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated antibody that
binds an epitope 1n a Tau polypeptide (e.g., an eTau poly-
peptide of the present disclosure) wherein the antibody
comprises a light chain comprising light chain CDRs of an
antibody light chain variable region comprising amino acid
sequence SEQ 1D NO:39. The present disclosure provides
an 1solated antibody that binds an epitope 1n a Tau polypep-
tide (e.g., an eTlau polypeptide of the present disclosure)
wherein the antibody comprises a heavy chain comprising
heavy chain CDRs of an antibody heavy chain variable
region comprising amino acid sequence SEQ ID NO:40. The
present disclosure provides an 1solated antibody that binds
an epitope 1n a Tau polypeptide (e.g., an eTau polypeptide of
the present disclosure) wherein the antibody comprises light
chain CDRs of an antibody light chain variable region
comprising amino acid sequence SEQ ID NO:39 and heavy
chain CDRs of an antibody heavy chain varnable region
comprising amino acid sequence SEQ ID NO:40. In some
cases, the antibody 1s humanized. For example, 1n some
cases, a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the antibody
comprises a heavy chain constant region of the 1sotype IgGl,
IeG2, 1gG3, or IgG4. In some cases, the antibody 1s an
antibody fragment, e.g., a Fab fragment, a F(ab'), fragment,
a scFv, or a Fv. In some instances, the antibody binds an
c¢Taul polypeptide, an eTau2 polypeptide, and an eTau3
polypeptide, and does not bind an eTaud4 polypeptide. In
some cases, the antibody binds an epitope within the amino
acid sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated antibody that
competes for binding to an epitope 1 a Tau polypeptide
(e.g., an ¢Tau polypeptide of the present disclosure) with an
antibody that comprises: a) a light chain region comprising:
1)a V, CDR1 comprising an amino acid sequence of SEQ ID
NO:33; (11) a V, CDR2 comprising an amino acid sequence
of SEQ ID NO:34; and (111) a V, CDR3 comprising an amino
acid sequence of SEQ ID NO:35; and b) a heavy chain
region comprising: (1) a VvV, CDRI1 comprising an amino acid
sequence of SEQ ID NO:36; (11) a V,, CDR2 comprising an
amino acid sequence of SEQ ID NO:37; and (1) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:38. In
some cases, the antibody 1s humanized. For example, 1n
some cases, the antibody comprises a humanized light chain
framework region. In some instances, the antibody com-
prises a humanized heavy chain framework region. In some
cases, the antibody comprises a humanized light chain
framework region and a humanized heavy chain framework
region. In some cases, the light chain region and the heavy
chain region are present 1n separate polypeptides. In some
cases, the light chain region and the heavy chain region are
present 1n a single polypeptide. In some cases, the heavy
chain region 1s of the 1sotype I1gG1, 1gG2, 1gG3, or IgG4. In
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some cases, the heavy chain region 1s of the 1sotype IgG4.
In some of these embodiments, the hinge region comprises
an S241P substitution. See, e.g., Angal et al. (1993) Mol.
Immunol. 30:105. In some cases, the antibody 1s a Fv, scFv,
Fab, F(ab')2, or Fab'. In some cases, the antibody comprises
a covalently linked non-peptide synthetic polymer, e.g., a
poly(ethylene glycol) polymer. In some cases, the antibody
1s fused, directly or via a linker, to a carrier molecule, a
peptide or a protein that promotes the crossing of the
blood-brain barrier. In some cases, the 1solated antibody
binds a Tau polypeptide with a dissociation constant (K ) of
1077 M, 107 M, 107" M, 107'° M, or 107 M. In some
instances, the antibody binds an eTaul polypeptide, an
c¢Tau2 polypeptide, and an eTau3 polypeptide, and does not
bind an eTaud polypeptide. In some cases, the antibody
binds an epitope within the amino acid sequence RIPAKT-
PPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated monoclonal
antibody that specifically binds a Tau polypeptide (e.g., an
c¢Tau polypeptide of the present disclosure), wherein the
isolated antibody comprises 1, 2, 3, 4, 5, or 6 of the
tollowing CDRs: 1) a V,; CDRI1 comprising an amino acid
sequence of SEQ ID NO:33; (11) a V, CDR2 comprising an
amino acid sequence of SEQ ID NO:34; (1) a V,; CDR3
comprising an amino acid sequence of SEQ ID NO:35; (1v)
a V., CDRI1 comprising an amino acid sequence of SEQ ID
NO:36; (v) a V, CDR2 comprising an amino acid sequence
of SEQ ID NO:37; and (v1) a V,, CDR3 comprising an
amino acid sequence of SEQ 1D NO:38. In some cases, the
antibody comprises: 1) aV, CDR1 comprising an amino acid
sequence of SEQ 1D NO:33; (1) a V, CDR2 comprising an
amino acid sequence of SEQ 1D NO:34; and (111) a V, CDR3
comprising an amino acid sequence of SEQ ID NO:35. In
some cases, the antibody comprises: (1v) a V, CDR1 com-
prising an amino acid sequence of SEQ ID NO:36; (v)aV,,
CDR2 comprising an amino acid sequence of SEQ ID
NO:37; and (vi1) a V, CDR3 comprising an amino acid
sequence of SEQ ID NO:38. In some cases, the antibody 1s
humanized. For example, 1n some cases, the antibody com-
prises a humanized light chain framework region. In some
instances, the antibody comprises a humanized heavy chain
framework region. In some cases, the antibody comprises a
humanized light chain framework region and a humanized
heavy chain framework region. In some cases, the light
chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present in a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IgG1, 1gG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S24 1P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K,,) of 107" M, 107° M, 107° M, 107"
M, or 10~"" M. In some instances, the antibody binds an
c¢Taul polypeptide, an eTau2 polypeptide, and an eTau3
polypeptide, and does not bind an eTaud4 polypeptide. In
some cases, the antibody binds an epitope within the amino
acid sequence RIPAKTPPAPK (SEQ ID NO:78).

The present disclosure provides an 1solated humanized
monoclonal antibody comprising a humanized light chain
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framework region; and a humanized heavy chain framework
region, wherein the 1solated antibody specifically binds a
Tau polypeptide (e.g., an eTau polypeptide of the present
disclosure), and wherein the 1solated antibody comprises: a)
a light chain region comprising: 1) a V, CDRI1 comprising an
amino acid sequence of SEQ ID NO:33; (1) a V, CDR2
comprising an amino acid sequence of SEQ ID NO:34; and
(111) a V, CDR3 comprising an amino acid sequence of SEQ)
ID NO:35; and b) a heavy chain region comprising: (1) a V,
CDR1 comprising an amino acid sequence of SEQ ID
NO:36; (1) a V, CDR2 comprising an amino acid sequence
of SEQ ID NO:37; and (1) a V,, CDR3 comprising an
amino acid sequence of SEQ ID NO:38. In some cases, the
light chain region and the heavy chain region are present 1n
separate polypeptides. In some cases, the light chain region
and the heavy chain region are present 1n a single polypep-
tide. In some cases, the heavy chain region 1s of the 1sotype
IeG1, IgG2, 1gG3, or IgG4. In some cases, the heavy chain
region 1s of the 1sotype IgG4. In some of these embodiments,
the hinge region comprises an S241P substitution. See, e.g.,
Angal et al. (1993) Mol Immunol. 30:105. In some cases,
the antibody 1s a Fv, scFv, Fab, F(ab")2, or Fab'. In some
cases, the antibody comprises a covalently linked non-
peptide synthetic polymer, e.g., a poly(ethylene glycol)
polymer. In some cases, the antibody 1s fused, directly or via
a linker, to a carrier molecule, a peptide or a protein that
promotes the crossing of the blood-brain barrier. In some
cases, the 1solated antibody binds a Tau polypeptide with a
dissociation constant (K,,) of 100" M, 107°* M, 10~° M, 10~"°
M, or 10~"" M. In some ins<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>